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< Executive Summary
\\'\
v \.
‘ For support of field medical units, the U.S. Army is developing a
:3: self-contained wastewater treatment system to produce potable water for
J‘ﬂ:.'
:(: use within the unit. To aid in developing the control strategy and the
o N
fault detection/fault isolation logic, a dynamic model of the system has
e been developed.
2: The dynamic model consists of component models for an ultrafiltra-
' tion unit, a tubular reverse osmosis unit, an ozonation contacting unmit,
3
o and a hyperchlorination unit. These component models are incorporated
o
éa into a process simulator to facilitate the simulation of a variety of
‘.Q
]
— configurations for water-reuse processes. In addition to the component
t.":
Iﬁ models, the process simulator includes models for general purpose
¥
‘.‘. .
:~ process elements such as mixed tanks, overflow tanks, pumps, stream
&
. splitters, and stream mixers, and general purpose control elements such
<d§ as sensors, manipulators, binary controllers, ratio controllers, and PID
.
:5 controllers.
7
To estimate the coefficients in the individual component models, a
' Pattern Search strategy was used to minimize a cost function which
L]
31 penalized for model deviation from experimental data. Experimental data
- were obtained first from experiments that formed the basis of the design
’3 of a pilot plant version of a water-reuse system and then from the
~
N
.§ﬁ operation of this plot plant.
22
- To make the integrated model as flexible as possible, the plant
.
$‘ configuration--the process units, as well as the origin and destination i
)
3& of every stream--is specified by input data. Details on the use of the
:; simulator and the preparation of input data are included in this report.
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Introduction

The U.S. Army has a requirement to provide a mission-oriented
medical treatment system which is designed and equipped to facilitate
rapid establishment and disestablishment. The flexibility permits
immediate response for a medical support unit to any tactical,
environmental or geographical change. This system will provde a
contamination-free and controlled environment in which Medical, surgical
and ancillary procedures, and other supporting functions can be
performed.

The mobile medical treatment system is termed the MUST Medical
Complex. Associated with the MUST Medical Complex is a Water and Waste
Management Subsystem (WWMS)*. This subsystem is required to treat and
dispose of, without degradation of the environment or danger to personal
health, all toxic and contaminated waste materials generated within the
functional areas of the Medical Complex. In addition to the waste
treatment and disposal, the Water Processing Element (WPE) within the
WWMS must be capable of producing potable water from a fresh or brackish
water source and nonconsumptive resuse water from the MUST Medical
Complex waste water effluent.

The objectives of this program were to:

1. Develop an integrated dynamic model describing the operational
characteristics of the water processing element. Emphasis was
placed on the reuse mode of operation utilizing the MUST hospital
composite waste or the x-ray, laboratory, and OR composite waste.
The methodology to apply the model to other configurations and

other wastes was also developed.

*The WWMS was deleted from the MUST in 1978.
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Develop a control/monitoring system for the operation of the WPE,

T, a4
"';'/

using the dynamic model as the basis.
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3. Develop a fault detection/fault isolation package for the WPE,

using the dynamic model as the basis.

L

The first two of the objectives were accomplished, and were

incorporated into a simulator program written for a digital computer.

2
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The purpose of this report is to provide an overview of the dynamic
process simulator, and to describe the procedures necessary to run the

program.
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MODELING AND SIMULATION OF WASTEWATER

REUSE SYSTEMS - DYNAMIC PROCESS SIMULATOR

1. Overview

The dynamic process simulator is a general purpose computer
program. The configuration of the process is specified by the input
data, along with the parameters that specify the characteristics of the
individual items of equipment in the process. This permits a variety of
process configurations to be investigated without requiring any changes
in the program source code. While the structure of the simulator is
very general, the program has been tailored to meet the needs of the

MUST WPE.
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2. Streams

For purpose of the simulator, the process is represented by in-
dividual pieces of equipment interconnected by process streams. As-
sociated with each stream is a stream vector that specifies the
status of the stream. The number of elements in each stream vector
is n_.

The first element in the stream vector is always the flow rate.

The remaining elements define the properties of the stream (composition,
temperatures, etc.). As presently implemented for the MUST WPE, a

stream vector consists of the following:

Element Definition
1 Flow, m3/hr
2 Concentration of suspended solids,
g/m3
3 Concentration of dissolved solids,
g/m3
4 Concentration of total organic carbon,

(T0C), g/m>
At some time in the future, it may be necessary to add temperature

and/or pressure to this list.

Each stream in the process is designatcd by a unique number.
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:: For each unit, the following information must be entered:
’ " 1. Unit number
:::j 2. Equipment type
\':x‘.
)y 3. Input streams
' 4. Output streams
23 i
:_,".: 5. Parameters specifying equipment characteristics
(47
K For each unit two data cards must be entered. The first data card
,_ specifies the first four items in the above list; the second card
KPR
>od
o specifies the parameters.
AP
i::'. For each unit a maximum of five streams may be specified, with
Ad.
. any mix of input and output streams. The data required are as
B
":,, follows:
Loy
5-"3 1. Unit number
; 2., Equipment type
A%
)
M. . 1
I}: 3. Stream
X
‘_‘ 4, Stream 2

5. Stream 3
6. Stream 4

7. Stream 5

-. .
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o The data are entered using FORMAT (1X,I14,3X,A2,5I5).

N
\.
o For example, the unit Unit #2
o Stream Pump Stream >

-ﬁ: #5 —» (Vtype: P) it6
’.
ﬁ: would be specified by the entry

oA 2 P 5 -6
£3

}j By convention, input streams are designated by positive stream
-f-'i

- numbers and output streams by negative stream numbers. Normally all
ﬁ input streams appear prior to output streams. For certain types of
)

; equipment, the order is significant.

; z The data parameters are also specific to each type of equipment.
The simulator presently recognizes the following types of equipment:
-

:(':, Type Code

5 Mixed tank MT
_' Overflow tank @T

x .

AN

.x ump P

N Stream splitter SP

Stream source s¢

A

g Stream mixer SM

¥,

o Ultrafiltration unit UF

. Gel model UF unit GM

,-;

;} Reverse Osmosis unit RO

9

Tubular RO unit TR

UV/oxination unit uv

5 Hypochlorination unit HC

o Sink SK

Other pieces of equipment can be easily added to the simulator.
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3.1 Mixed Tank (MT)

The mixed tank is described by a total material balance and three

component material balances. The total material balance is:

v _ z _ z F
dt input i output j

where V = volume of liquid in the tank, m3
F, = flow rate of input stream, m3/hr
Fj = flow rate of output stream, m3/hr

Each component material balance is:

H% vey = i:;ut Fici - o:iput chj
where C = concentration in the tank, g/m

C; = concentration in input stream, g/m3

Cj = concentration in output stream, g/m3

Any combination of input and output streams are permitted.

concentration of all exit streams are the same as the concentration

in the tank.

For the mixed tank, the following four parameters are required:

Par 1: 1Initial volume of liquid in the tank, m3

Par 2: 1Initial concentration of suspended solids in the tank, g/m3

Par 3: 1Initial concentration of dissolved solids in the tank, g/m3

Par 4: 1Initial concentration of TOC in the tank, g/m3

These parameters are entered via FORMAT (4F10.4).

In the initialization calculations for the mixed tank, the concen-

trations of all output streams are specified as the initial concentra-

tions in the tank.
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3.2 Overflow tank (OT)

The basic equations of the overflow tank are the same as for the
mixed tank. However, the first stream must be the overflow stream

and is specified as follows:

F1 = FT for 0 < V< Vmax

F1 B iniut Fi - outﬁut Fj for V=0orv-= Vmax
where

F1 = overflow stream flow rate, m3/hr

F, = design overflow-rate, m3/hr

V = volume of liquid in tank, m3

Vmax = maximum volume of liquid in tank, m3
F, = flow rate of input stream, m3/hr

F, = flow rate of output stream, m3/hr
Both FT and Vmax are data parameters.
The following six parameters are required for the overflow tank:
Par 1: 1Initial volume, m3
Par 2: Initial concentration of suspended solids, g/m3
Par 3: Initial concentration of dissolved solids, g/m3
Par 4: 1Initial concentration of TOC, g/m3
Par 5: Design overflow rate, m3/hr
Par 6: Maximum volume, m3
These parameters are entered according to FORMAT (6F10.4).
In the initialization calcualtions, the concentration of all
output streams are set equal to the initial concentration in the tank.

Also, the overflow-rate is set equal to FT.
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oot 3.3 Volumetric Pump (P)
I‘. .~
;;3 This piece of equipment represents either a constant volume pump
li} or a variable volume pump followed by a flow controller. The first
0
“
ooy stream must be the input stream; the second must be the output
XA R —_—
N
>0 stream.

The basic equation for this pump is as follows:

’: = =
2 F)p=Fy=F,
1 3
N where F_ = flow rate through pump, m™/hr
4
N3 Fl = flow rate of input stream, m3/hr
O _ 3
3 F, = flow rate of output stream, m /hr
‘gkY
. Furthermore, the concentration of the output stream is set equal to
) the concentration of the input stream.
4
- J,
gg: The only input parameter is Fp, which is entered via FORMAT (F10.4).
l. “
X The initialization calculations are the same as the normal
LY
4 calculations.
v
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o 3.4 Stream Splitter (SP)

iy

L The purpose of this piece of equipment is to split an input
FNN stream into two output streams where the flow rate of one output
..

2,

e stream is specified. The streams are specified in the following order:
) 1. Input stream

i
N

Output stream where flow is fixed

3. Output stream where flow varies

vte s ot
(A

24
;“: The flow equation describing this piece of equipment is as
1)
< follows:
o
o F if F, > F
A s 1-"5s
? 270 v, <
Y 1 F1 FS
Ad
0 = -
Al F3= - F
\":
"E where Fl = flow rate of input stream, m3/hr
Q¢'
\ F, = flow rate of first output stream, m3/hr
- j Fy= flow rate of second output stream, m3/hr
0

the design split, m3/hr

)‘
o
[©]
]

The concentrations in both output streams are set equal to the input

i
LY ¢

U
'»

concentration.

» (]
o

The only parameter required is Fs’ which is entered via FORMAT

L]
'(
A

(F10.4).

)

LA A

The initialization calculations are the same as the normal

Nt b

calculations.
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NG 3.5 Stream Source (S0)
2 The stream source is designed to simulate the pulse-type input
\.\ streams that are encountered in the MUST hospital. A stream is
‘.':x
NN assumed to behave as follows:
'.‘:s
< t t t

| on | I on on l
-{::’ ‘ -
::_n
= - -
™~ I'\ "

]
‘e tl t:cycle tcycle
= where t, = time of start of first pulse, hr.
?
;;' ton = time duration of pulse, hr.
tcycle = time of cycle, hr
ny
.y

_:: During the flow period, the flow rate and concentration must be
.
N

d specified.
\ For this unit, the following parameters are required:

d

_,,2 Par 1: Time of first pulse, tl’ hr

K
*.,: Par 2: Time duration of pulse, ton’ hr
X Par 3: Time of cycle, tcycle’ hr
'5" Par 4: Flow rate during pulse, m3/hr

a
Lo
':.-: Par 5: Concentration of suspended solids, g/m3

r Par 6: Concentration of dissolved solid, g/m3

'~
;:d Par 7: Concentration of TOC, g/m3

~

.

::2" These are entered via FORMAT (7F10.4)
. The initialization calculations are the same as for the normal
-.’.',
) : calculations.
'.} All input streams must originate with a stream source block.
?.
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o
o 3.6 Stream Mixer (SM)
s‘:.
:9t The stream mixer is designed to combine up to four input streams
;“ to produce a single output stream. In specifying the streams, the
.{g output stream must be specified last.

\q\

‘%Q The flow equations describing this unit are as follows:
NS F, = 2 F

Y j input i

)
';: where Fi = flow rate of input stream
. Fj = flow rate of output stream
N3
'\; The equation for each concentration is as follows:
Ay z

. input Fic'
Cj = F

s s 3
}\f

>/ where Ci = concentration in input stream
h:; Cj = concentration in output stream
A
s No parameters are required for this unit.
o

N The initialization calculations are the same as the normal calcula-

j tions.
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3.7 Ultrafiltration Unit (UF)

This piece of equipment consists of parallel banks of filtration
tubes. The feed stream is forced into one end of the tube bundle, water
and dissolved solids are forced through the tubes and collected as the
filtered permeate. The concentrate stream is high in suspended solids,
and is collected out of the other end of the bundle. In specifying the
streams, tne permeate stream must be first, the concentrate stream must
be second, and the feed stream must be third.

See Starks and Smith (1) and Starks (3) for the model equations.

The parameters required for this unit are:

Par 1: Number of tubes

Par 2: Temperature of feed, °K

Par 3: Pressure drop across the membrane at the inlet, atm
Par 4: Pressure drop dcwn the tubes, atm

Par 5: Diameter of a tube, m

Par 6: Length of a tube, m

These are entered via FORMAT (6F10.4).

The initialization calculations are the same as for the normal

calculations.
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3.8 Tubular Reverse Osmosis Unit (TR)

4 & &

This piece of equipment is essentially the same as the

" p—
.t

ultrafiltration unit, except that the tube diameter is one or two orders

LAt s

of magnitude smaller, and the filtration membrane has smaller pores.

)
)‘. /

4
-
I‘-

These two differences lead to higher rejection of dissolved solids and

rd

TOC. See section 3.7 on the UF unit for a definition of the input and

K
-

Lo

]

“

output streams.

.; “‘ [
AR A

The parameters required for this unit are the same as for the UF

unit given in Section 3.7.

274
.{a a‘.'

X

The initialization calculations are the same as for the normal

L
»

"

% e

calculations.
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:i: 3.9 Gel Model Ultrafiltration Unit (GM)

This piece of equipment is essentially the same as the tubular RO
'~ unit, except that the boundary layer is assumed to form a gel on the

: inside surface. This gel increases the rejection of dissolved solids
and TOC. See section 3.7 on the UF unit for a definition of the input
};- and output streams.

:, The parameters required for this unit are the same as for the UF
. unit given in Section 3.7.

The initialization calculations are the same as for the normal

YN

calculations.
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3.10 Reverse Osmosis Unit (RO)

This piece of equipment consists of a bundle of tube fibers around
a central porous tube. The feed enters the central tube under very high
pressure. The contaminated water flows radially around the outside of
the fibers, forcing the water to permeate to the inside of the tubes;
the fluid in the fibers is collected as the permeate stream. The fluid
that reaches the outer region of the bundle is very high in
concentration of dissolved solids and TOC and is collected as the
concentrate stream. Suspended solids should not be present in the feed.
The rejection is very high, but the flow rate is very small. The feed
to the RO unit should be the permeate of an ultrafiltration unit, UF,
TR, or GM. In specifying the streams, the permeate must be first, the
concentrate must be second, the feed must be third.

See Starks and Smith (2) and Starks (3) for the model equations.

The parameters required for this unit are:

Par 1: Pressure drop across the membrane (fiber), atm

Par 2: Temperature of the feed, °K

Par 3: Length of the fibers, m

Par 4: Outer radius of bundle, m

Par 5: Inner radius of bundle, m (center tube outer radius)
Par 6: Diameter of a fiber, m

These are entered via FORMAT (6F10.4).

The initialization calculations are the same as for the normal

calculations.




o e e PR~ T T TR AN IR A RARIRMYUOVAY :"v.\".\‘s_;ﬁv.‘w:giq‘j-bvlv‘wl.\-.i:“_- w_-‘a_-.s -} Tt '. A T 1

b T I

“Q
)

D {‘./' P}

1]
e

3.11 Ultraviolet/Ozonation Unit (UV)

)
5, 5, &

This piece of equipment is used to oxidize organic compounds by

\;: ultraviolet activate ozonation. The contaminated water is

_* simultaneously sparged with ozone and irradiated with ultraviolet light.
‘;: The unit consists of a precontactor and six contact stages in series.
gk There is one input stream and one output stream. In specifying the
;; streams, the feed stream must be specified first and the effluent
o (output) stream must be specified second.

sgi See Starks (3) for the model equations.

5& The parameters required for this unit are:

'

.?' Par 1: Initial concentration of suspended solids, g/m3

2?: Par 2: Initial concentration of dissolved solids, g/m3

?:2 Par 3: Initial concentration of TOC, g/m3

. Par 4: Inlet O3 concentration, moles 03/mole gas

T,: Par 5: Volumetric gas flow rate, m3/hr

»

§J5 Par 6: Precontactor flag (0 = No precontactor)

J& Par 7: Number of stages

:& Par 8: Area of a contactor, m?

~4'

isj Par 9: Area of a precontactor, m?

K-

Par 10: Height of a stage, m

i

e Par 11: Feed temperature, °K

gé: Par 12: Operating pressure, atm

.

bt

25 These are entered via FORMAT (12F10.4). Note that two parameter cards
4 “

)
.

are necessary (1-8 on the first, 9-12 on the second).

The initialization calculations are the same as for the normal

Y, ’ A."l,’.!n_’

calculations.

g v S e aeae
: . :
S IS AR AL




3.12 Hypochlorite Unit (HC)

This piece of equipment is a stirred tank in which calcium

hypochlorite Ca(0 Cl)2 is added to serve as a bacteria retardant.

The

feed stream must be specified first and the effluent stream must be

specified second.

See Starks (3) for the model equations.

The

Par

Par

Par

Par

Par

Par

Par

Par 8:

parameters for this unit are:

1:

2:

7:

pH of the output

Initial chlorite in the HC unit

Initial concentration of suspended solids, g/m?
Initial concentration of dissolved solids, g/m3
Initial concentration of TOC, g/m3

Feed rate of calcium hypochlorite, m3/hr

Volume of HC unit, m3

Concentration of Ca(0 C1)2, g/m3

These are entered via FORMAT (8F10.4).

Initialization calculations assume that the hypochlorination tank

is filled up to its maximum volume at the concentration of the feed

stream.

0.. l‘ '.4 .
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3.13 sink (SK)

LR

As indicated earlier, all input streams to the process must

—

originate with the source block. Similarly, all streams leaving the

process must be inputs to a block called the "Sink'". One reason for

Nl

this is that each stream must originate with one and only one block

L
" and each stream must terminate with one and only one block.
5 ’ Actually, the sink block plays no role in the simulation. The
7.
o only calculation procedure involved is that the collective stream
A flows (total and component) are integrated for the overall material
S
., balance calculations.

n",

N
4 Each sink block may have up to five input streams. The process
ﬁb configuration may contain multiple sink blocks.
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4. Control Elements

For each control element, the following information must be
entered:

1. Unit number

2. Control element type

3. Parameters specifying control element characteristics

As for other units in the simulator, two data cards must be entered
for each control element. The first data card specifies items one and
two above; the second card specified the parameters.

Unlike the process equipment, there are no input or output streams
to be specified. Thé first card is entered using FORMAT (1X,I4,3X,A2).

For example, the unit

_Unit #40
PID
— _Controller  CONTROLLER |-Controller
Input : LE Qutput >
(type: CN)

would be specified by the entry
40 CN .

The data parameters are specific to each type of control element.
There are three basic control elements: the sensor, the manipulator,
and the contfoller. A coqfroi scheme is defined by a unique group of
sensor-controller-manipulator arrangement. The unit numbers for each
control element in a control ;cheme must be sequential, starting with

the sensor. For example:

Init #23 __Unit #24 ___Unit {#25
.H??EUE?Q_ Controlled
Variable SENSOR [|-=~ — - 3  CONTROLLER [~ — — 3 MANIPULATOR ;;r;ab—l?

I T N S N N L N
NN 2 T A A A
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The simulator presently recognizes the following types of control

elements:
TYPE CODE
Sensor SN
Manipulator MN
Binary Controller BC
Ratio Controller RC
PID Controller CN

19
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4.1 Sensor (SN)

£ .

2

»..‘-l

.\‘

:,:\; The sensor is used to "measure'" (return) the value of either a unit
" parameter (i.e. volume) or a stream element (flow rate or concentration).

DY

23

The computational equation is:

D’-.{. ¢, =7 (r - cn—l) At, T #0

8 c =t , T=0

-3

! where <, is the output of the sensor (to the controller)
o r 1is the "reading" or "measured value"
)

Y

bhe! Ch-1 is the previous output value

4
b2y T 1is the integration time constant, hr
s

\‘

L)

— At is the integration step size, hr

)
- The parameters required are:

-

I Par 1: Unit number or stream number
bl
. Par 2: Parameter or element number

~:::? Par 3: Initial output value

o

i)

-:.:j Par 4: The integration time constant, T, hr

These parameters are entered via FORMAT (410.4). To specify a unit,

~

~ enter a negative value; to specify a stream, enter a positive value.
“w

NG

N

.,: The initialization calculations are the same as the normal cal-
Ny

b culations.

? 1

o od

2

Lo
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4.2 Manipulator (MN)

The manipulator is used to change the value of a parameter of a unit

(1.e. increase a pump flow rate). The computational equation is:

y s ifm<ymin ;

min

y = m, if Ynin <mX< Ynax ‘

y , if m > Ynax |

max
where y is the output value (new parameter value)
m is the signal from the controller

Ynin is the lower limit of the parameter

Ymax is the upper limit of the parameter

ma
The parameters required are:

Par 1: Unit number of unit to manipulate (negative)

Par 2: Number of parameter to be manipulated

Par 3: Initial output value

Par 4: Upper limit

Par 5: Lower limit

These parameters are entered via FORMAT (5F10.4).
The initialization calculations are the same as the normal

calculations.
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;;;: 4.3 Binary Controller (BC)
T
?::: This control element represents a binary (on/off) controller. The
T computational equation is:
NG
Lo
e if automatic
St
5:'.- m ifc<ec
e min’ min

' = m if c <c<cc

e " n n-1’ min — — max
it n |, if cse

N max max
Koo

=
cn if manual
&

WY m =M
f_ﬁ n man

s_..\
St where m is the controller output
A
;\¢\ mo_1 is the previous value
B L =

S0

“3a m is the lower limit output
QA min
A m is the upper limit output

max

“";4 c is the controller input (sensor output)
N}

oy c is the lower setpoint
N min
X

i u

- Chax 18 the upper setpoint

)

P

| YN

A

AN Nt e LAV,

AL
AR

The parameters required are:

Par 1: Sensor unit number (negative)

Par 2: Manipulator unit number (negative)

Par 3: Lower setpoint value

Par 4: Upper setpoint value

Par 5: Initial output value

Par 6: Upper limit output value

Par 7: Lower 1limit output value

Par 8: Operation mode (negative = Automatic, positive = value for Manual)

22
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- These parameters are entered via FORMAT (8F10.4), note that two

.

- data cards are required.

The initialization calculations are the same as the normal

calculations.

C el g

YRSy

i\ of

Yo Zr Ll

¢

~
N 23




A AE IR A A A A A A DA A AR SO AL S A AL M SRR MO DML A AR AR AT A A A
.

L

-
':u' 4.4 Ratio Controller (RC)

e

,?w This control element represents a ratio controller. The computational
KT. equation 1is

b

py

ﬁi r ¢, if automatic

ﬁ\: m =

- m , if manual

i man

:&g where m is the controller output value
L)

oy

o r is the ratio (output/input)

¢ is the controller input (sensor output)

m is the output value for manual
ry man
P
,iﬁ The parameters required are
- Par 1: Unit number of sensor (negative)
Ak
2:} Par 2: Unit number of manipulator (negative)
Ly
)
o Par 3: Ratio
c.:’:
} Par 4: Operation mode (negative = Automatic, positive = value for Manual)
Y
N
A
'%% These parameters are entered via FORMAT (4F10.4).

The initialization calculations are the same as the normal

calculations.
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4.5 PID Controller (CN)

W 2

This control element represent a three mode, proportional-integral-

L)

L’ ¢

derivative, controller. The computational equation is the velocity

?_: algorithm:
)
:.: ei =r - ci
de
N i 1
5 at " ae 4T egy)
}1
! dzei 1
= (e, - 2e, ; +e, ,)
de (A t)Z i i-1 i-2

& % S

de 2
Y - 1.1 de
A By Kc( at +TIei+TDdt2)
, m, + Ami A t, if automatic
m =
» 1+1 m , 1f manual
g man
L+
g
' where r is the set point value
cy is the measured variable
>4 e, 1s the error in the signal
Y
At is the integration step size
$ m, is the controller signal
§ K. 1is the controller gain '
'
4
'1‘I is the reset time constant, hr
| T, is the derivative time constant, hr
i m on is the output value for manual
‘ The parameters required are:
O
N Par 1: Sensor unit number (negative)
-
b Par 2: Manipulator unit number (negative)
1
i Par 3: Setpoint
‘l
Par 4: Gain, K
v c
;
¢ 25
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Par 5: Reset time constant, hr
Par 6: Derivative time constant, hr

Par 7: Operation mode (negative = Automatic, positive = value for Manual)
These parameters are entered via FORMAT (7F10.4).

The initialization calculations are the same as the normal

calculations.
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Data Preparation

R '_'. {%
“as

The input data cards provide for the entry of the following types

of information.

-

.

c%évj,

2L L0

S ared

Pl4

%

x.‘-"("’

LR
S
[N N

% 4ete
0o
L

1. Model parameters such as kinetic parameters, mass transfer
coefficients, etc.
2. Specification of the plant itself, including
a. Configuration (equipment and streams)
b. Design parameters
c. Initial conditioms
3. Descriptions, including
a. Equipment names
b. Names for equipment parameters
c. Stream names
d. Names for stream elements
4, Run control parameters (time of run, integration interval)
5. Variables to be printed, which may be either
a. Any element of any stream (e.g., flow rate of stream 5)
b. Any parameter associated with any unit (e.g., Volume
of liquid in unit 8)
6. Plot control information, including
a. Variables to be plotted
b. Time of plot

c. Arrangement of graphs

7. Variables to be save on an offline storage medium, which may be either

a. Any element of any stream
b. Any parameter associated with any unit
8. Retrieval of variables from a previous run saved on

offline storage.
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As the data are entered, checks are made to assure that the data are
meaningful.

To assist in the preparation of a data deck, data control cards
are used to establish segments in the data deck. The first and last
cards in each segment are data control cards. The data control card

::3 that appears at the beginning of the segment consists of an asterisk

et

‘Eé (*) in column 1 followed by up to three characters that identify the
:;

segment. The data control card at the end of the segment consists
only of an asterisk (*) in column 1.
Table 5.1 lists the nine segments and specifies the data control

cards for each. The general layout of the data deck is given in Figure

5.1. The following sections describe each segment in more detail.
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{model parameters}
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'5‘; {stream element definitions}
*
*SN

> ¢ . .

. {stream descriptions}

.,:-‘.:-: *

s TN

5 *C

{plant configuration}

Y
N *
X .
~ _',:: OF
"N {off-line variable definitions}
*
oy
o
" {print variable definitions}
1
. *PL
j;* {plot variable definitioms}
= .
CaAL)
Fag
'.pc:' *PC
o
{plot control information}
) *
:: : *OL
L
153 {old value definitions}
-
~ *
Ny *RUN
e {run time and integration size}
S
N7 *
T‘
70
s
N

XL

¢
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Figure 5.1. Data deck
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W 5.1 Model Parameters (*MP)

"G For modules such as UF, RO, etc., the model parameters are deter-

mined by fitting the model to experimental data. Thus, it is necessary

b

{ah to provide a facility whereby these parameters can be easily changed.

SQ Four options are available:

> 1. Within the subroutine for each respective module, use DATA

:.;3 statements to specify the model parameters. This is acceptable
4

»3 only if the primary subroutine does not call additional sub-

:. routines that require the model parameters.

:g 2, Put all model parameters into a labeled COMMON statement, and

2 then use DATA statements in the BLOCK DATA subprogram to

?; initialize the parameters.

j; 3. Put all model parameters into a labeled COMMON statement, and
'i' then read the values of the model parameters from data

H

:\3 cards.

'$ 4, A combination of options 2 and 3. A set of model parameters
o

;ﬁ are initialized in the BLOCK DATA subprogram. Different values

fA may be entered through the use of NAMELIST statements.

53 The model parameter (*MP) segment of the data deck uses option 4.

? Upon encountering the *MP data control card, the program calls

'; subroutine RMODPR. This subroutine consists of statements such as

X READ (5,NAMERO)

>

NAMERO is the name of a NAMELIST block for model parameters for the RO

model. Any, all, or none of the NAMELIST parameters may be specified.
These parameters are contained in labeled COMMON statements that also
appear in the subroutines in which the values of the parameters are

needed.

Parameters to be modified are specified as follows:
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b
\ &NAMEXX
g A=x,B=y,
C=z ‘
L
X &END |
u where XX is the two character code of the desired module, i.e. UF, RO
;? A,B,C, etc. are the names of the parameters of XX to be changed
;S X,¥,Z, etc. are the corresponding numeric values
;3 The user of the simulator can readily add parameters, delete
%: parameters, and make any other changes required to meet the needs of
]
- the respective module for which the parameters are being read. Figure
:, 5.2 gives the listing for RMODPR for reading the parameters for the
.:E ultrafiltration module only. Figure 5.3 lists the *MP segment of the
3' data deck, and Figure 5.4 gives the corresponding output listing. The
) parameters are written from RMODPR so that errors may readily be detected,
,é and so that outputs of runs using different values may be identified.
o If no model parameters are to be changed from the default values,
2 then the *MP section may be omitted. In this case, no parameters are
:f changed or printed out. If it is desired to have a list of all of the

default values, then enter
*MP

NONE

L

v"
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Figure 5.2. Llisting for RMODPR for reading ultrafiltration model parameters

SUBROUTINE RMODPR

READ MODEL PARAMETERS

REAL MWHOCL, MWOCL, L, NF, NTPIDT, KLA, KHENRY, KPRATE,
& KDCONP
REAL*8 VHC, ALPHC, RDHC, KEQHC, CAOCL2, DTHC
LABELED COMMON STATEMENTS FOR REVERSE-OSMOSIS UNITS
coMMON /REVOSY/ L, FLOW, RO, RI, DR, DP, DFLP, RHOB,

17 TOLMX, TOLMN
COMMON /ROFIT / AKA, AKC, ERE, APIRO, BEPIRO, GAMARO,
& BRO, CRO, NF,ROKE

COMMON /GFPARM/ TEMP, VISC, MCNT2, MCNT3, JWRITE
COMMON /REVOS2/ KWRITE, NSTEPS
LABELED COMMON STATEMENTS FOR OZONE UNITS
COMMON /STAGES/ NSTAGE, PRECON
COMHMON /OZFIT/ KHENRY, ECOZ, ETOC, KRATE, KDCONMP,

& BEO2ZD, UVEFCT, ALPHA, EN, QPRINE
COMMON /OZOPER/ CAREA, PAREA, UVH, UVRHO, UVPRES,
& UVTEMNP, NWRITE

COMMON /GASLAW/ RGAS
LABELED COMMOR STATEMENTS FOR ULTRAFILTRATION MODULE
COMMON /UFPARM/ PLENROF, DTUBUF, NTUF, JPUFSS, JWUFSS
COMMON /PARMUF/ TENPU?, VISCOF, DENBUF, ZREOUF, DROPUF
COMMCN /UFSAV1/ NSTPOUPF
COMMON /UFPFIT / G1UF, G2UF, GINFUF, C1, c2, CIHP
LABELED COMMON STATEMENTS FOR TUBULAR R-O MODULE
COMMON /TRPARM/ PLENTR, DTUBTR, NTTR, JPTRSS, JWIRSS
COMMON /PARMTR/ TEMPTR, VISCTR, DENBTR, ZEROTR, DROPTR
COMMON /TRFIT/ G1I1TR, G2TR, GINFTR, APITR, . BTR, CTR,
& DCXTR, ADAXTR, BDAXTR, CDAXTR
LABELED COMMON STATEMENTS FOR GEL-MODEL
COMMON /GMPARM/ PLENGM, DTUBGHN, NTGH, JPGMSS, JWGHMSS
COMMCON /PAEKNGM/ TENPGM, VISCGM, DENBGM, ZEROGM, DROPGH
COMMON /GNFIT/ GABMA, APIGN, BPIGM, BGM, CGM, RATIO,
& DCXGM, ADAXGN, BDAXGM, CDAXGH, CAGEL
LABELED COMMON STATEMENTS FOR HYPOCHLORINATION MODULE
COMMOR /HCOPER/ VHC, ALPHC, RDHC, KEQHC, JWRTHC,
& MCNTHC, CAOCL2, DTHC
COMMON /HCSAV2/ MWHOCL, MWOCL, HCRHO
DIMENSION JCARD (20), IUNIT(8)
NAMBLIST /NAMERO/ TOLMX, TOLNN, MCNT2, MCNT3, KWRITE,
& AKA, AKC, ERE, APIRO, BPIRO, GAMARO,
& BRO, CRO, NF, ROKE, JWRITE, NSTEPS
NAMELIST /NAMEUV/ KHENRY, ECOZ, ETOC, KRATE, KDCOHMP,
EOZD, UVEFCT, ALPHA, EN, QPRINE,
NWRITE, RGAS
NAMELIST /NAMEUF/ JPUFSS, JWUFSS, G1UP, G2UF, GINFUP,
c1, C2, CINF, PERHIC :
NAMELIST /NAMETR/ JPTRSS, JWTRSS, GI1TR, GZTR, GINFTR,
APITR, BTR, CTR, DCXTR, ADAXTR,
BDAXTP, CDAXTR
NAMELIST /RAMEGM/ JPGMSS, JWGMSS, GAMMA, APIGM, BPIGHM,

am ™ oo,




& BGN, CGM, RATIO, DCXGM, ADAXGHN,

Y & BDAXGM, CDAXGM, CAGEL
e NAMELIST /NAMEHC/ VHC, ALPHC, RDHC, KEQHC, JWRTHC,
N & MCNTHC, CAOCL2, MWHOCL, MWOCL, HCRHO

DATA IONIT/'NONE'Y,'®','UF','TR', "GN, RO, UV! ,YHC'/
10 READ (5,20) ICARD,JCARD
20 FORMAT (A4, T1,20A4)
po 30 I=1,8
IF (ICARD .EQ. IONIT(I))
&€ GO TO (10, 110, S0, 60, 70, B8O, 90, 100),I

[ 4,'
’,“.

F
"2 a
_nJ:'J'

C NONE * UOF TR GM RO OV HC

2% 30 CONTINUE

< KRITE (6,40) JCARD
T 40 FOEMAT (*THE FOLLOWING CARD IS INVALID AND WILL BE',
e & * IGNORED'/1X,20AU)
N GO TO 10
. 50 READ (5,NAMEUF)

; GO TO 10

j 60 READ(S,NAMETR)
‘? GO TO 10

+ 70 READ(S,NANEGN)
<3 GO TO 10

N 80 READ (5, NAMERO)

~ GO TO 10
2 90 READ(5,NAMEUV)
D GO TO 10

< 100 READ (5, NAMEHC)
o GO TO 10
. 110 WRITE(6,120)
- 120 FORMAT (* 1*MP MODEL PARAMETERS'))

. C :

) WRITE (6,130)
gs 130 FORMAT ('OMODEL PARAMETERS FOR ULTRAPILTRATION MODULE')

ICARD=0
WRITE(6,140) JPUFSS, G1UF, G2UP, GINFUF, anpss, c1,

s & C2, CINP

- 140 PORMAT (' OJPUFSS=',13,* G10F=',612.5," czor=',
‘3 £G12.5,' GINFOF=',G12.5/' JWOPSS=',I13,6X,* c1=
4 A c1=*,G612.5," Cc2=',G12.5," CINP=',G12.5)
T c
e WRITE (6, 150)
) 150 FORMAT (*ONODEL PARANETERS FOR TUBULAR RO MODULE?')
g WRITE (6, 160) JPTRSS, G1TR, G2TR, GINFTR,JWTRSS,ADAXTR,
H & BDAXTR, CDAXTR, APITR, BTR, CTR, DCXTR
S 160 PORMAT ('OJPTRSS=1',13,"* G1TR=',G12.5," G2TR=',

£G612.5,' GINFTR=',G12.5/' JWTRSS=',I3,' ADAXTR=',
& 6G12.5,* BDAXTR=',G12.5,' CDAXTR=',G12.5/14X,

& 'APITR=',G12.5," 8TR=',G12.5," CTR=',G12.5/
& 14X,'DCXTR=",G12.5)

i,

WRITE(6,170)
170 PORMAT ("OMODFEL PARAMETERS POR GEL-MODEL')
WRITE (6, 180) JPGMSS, GAMMA, APIGM, BPIGNM, JWGMSS, BGH,
& CGM, RATIO, DCXGM, ADAXGM, BDAXGH,

Figure 5.2. (continued)
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& CDAXGM, CAGEL

180 FORMAT (' OJPGMSS=',I3,* GAMMA=',G12.5,' APIGM=¢,
€ G12.5,' BPIGN=',G12.5/' JWGHSS=',I3,! BGM=",
& G12.5,¢ CGM=1,G12.5,' RATIO=',G12.5/14X,

& 'DCXGM=',G12.5,' ADAXGM=',G12.5,' BDAXGM=',G12.5/
& 12X,* CDAXGM=',G12.5,' CAGEL=',G12.5)

WRITE (6, 190)
190 FORMAT ('OMODEL PARAMETERS FOR REVERSE OSMOSIS!')
WRITE(6,200) JHRITE, TOLMX, TOLMN, AKA, MCNT2, AKC,

& ERE, APIRO, MCNT3, BPIRO, GAMARO, BRO,
& NSTEPS, CRO, JWRITE, NF, ROKE
200 FORMAT ('OJWRITE=',I3,' TOLMX=',G12.5,' TOLMN=!,
€ G12.5," AKA=',G12.5/' MCNT2=',I3,* AKC=?,
£G12.5,¢ ERE=',G12.5,' APIFO=',G12.5/*' MCNT3=¢,
& 13,' BPIRO=',G12.5,' GAMARO=',G12.5," BRO="Y,
& G12.5/' NSTEPS=',13,? CRO=',G12.5,' . NP=",
& G12.5,° ROKE="',G12.5)
c
WRITE(6,210)

210 PORMAT (*OMODEL PARAMETRRS FOR THE UV/OZONATION OUNIT')
WRITE (6,220) NWRITE, KHENRY, ECOZ, ETOC, KRATE,
5 KDCOMP, EOZD, UVEFCT, ALPHA, EN, QPRIME,
& RGAS
220 FORMAT ("ONWRITE=Y,I3,' KHENRY=',G12.5,"' ECOZ=",
5 612.5," ETOC=*,G12.5/14X, 'KRATE=",G12.5,
€ ' KDCOMP=',G12.5,° EOZD=',G12.5/14X,"UVEFCT=",
& G12.5,' ALPHA=',G12.5,! EN=',G12.5/14X,
& 'QPRINE=',G12.5,°? RGAS=',612.5)

WRITE (6,230)
230 FORMAT (' OMODEL PARAMETERS FOR HYPOCHLORINATION UNIT')
WRITE(6,240) JWRTHC, VHC, ALPHC, RDHC, MCNTHC, KEQHC,

& CAOCL2, MWHOCL, MWOCL, HCRHO
240 PORMAT (*OJWRTHC="', 13, VHC=',G12.5," ALPHC="',
& G12.5,°* RDHC=',612.5/*' MCNTHC=',I13,°" KEQHC=¢*,

& G12.5,' CAOCL2=!',G12.5,' MWHOCL=',G12.5/14X,
& 'MWOCL=',G12.5,"* HCRHO=',G12.5) .
RETURN
END

Figure 5.2. (continued)

CURTIA W WS W T W YO IR SR Y



MRS ACA L SRR AT LA R T N e T e L T N R T T N S TN S T T T

- -

| R

.g'
N

h
Y
)

*Np

RO

ENAMERO
HCNT2=15,
MCNT3=15,
& END

x

2 n e s o g
n“';‘fl‘ It
Llet B Ay

-
%

s
» ¥ et Ty

A A
J“JSJ\J\

NS
s

<

o Figure 5.3. Sample data for the *MP data segment.

!
I

)

f o ¢ 0 7

.t T At A At e T
SO N RO AN ., N .".\:\_ ~



-
B
~

~

N,
:'_u‘_‘:‘:‘" .

AN
AR

W N
v

.

A
YA

Figure 5.4,

*np MODEl PARAMETERS

RODEL PABANETIRRS POR

JPUPSS= O GIF=
Jeyrss= 0 Ci=
VISCUF=

BODEL PARAMETERS FOi
JPTRSS= 0  GITk=
JU4TRSS= 0 ADAXTh=

ARIT: =
DCXTR=

MODEL PARAMBTIERS POR

JPGNSSs O GAMNA=
JUGHSsS= 0 BGM =
DCXGH=
CDAXG®=
DENBGM=

NODEL PARANETERS FOR

JURITE: 0 TOLAX =
MCHT2= 15 ARC=
ACHNT3= 15 BPIRO=

NSTEPS= 10 CRO=

KERITE= 0 VIsC=
MODEL PARAMETERS Fug
MWEITEs 0 KHENRY=
KRATE=

UVEFCT=

QPRINE=

BODEL PARAMETERS FOR

JURETHCs 0 ALPHC=
ACNTHC= 30 KEQHC=
MWOCL =

ULTRAFILTRATICM MODULE

71251, G20F=
« 1037 c2=
«32740E~02 DENBUP=

TUBULAR RO MODULE

19100. G2TR=
«JO254E~-06 BCAXTE=
- 103912-07 BTR=
«48000E-01 VISCTR=
GEL-NODEL

<0 APIGA=
«0 CGN=
-0 ALAXGH=
-0 CAGEL=
« 10000E+07

BEVERSE OSMOSIS

«500008-01 TOLAN=
«57434E-03 ERE=
+68100E~08 GANABRO=
«13510E-05 NP=

«32740E-02 8HOB=

THE UV/OZONATICN UNIT

+28560E¢07 ECOZ=
931.24 XDCONP=
.0 ALPHA=
16330, RGAS=

HYPOCHLOBINATION URIT
«0 RDHC=

+»27000D0-07 CAOCL2=
52500.

.37

«40141
1. 1185
+ 100002+07

« 57895

+48540E-05
«39526E-04
+32740E-02

«10000E-01
3.7910
18.350
«J6940E«08
«10000E+07

1.0000

'o

« 16667E-03
82050

.0
.0

GINFUF=
CInfp=

GINFTR=
CDAXTR=

CTR=
DENBTH=

BPIGH=
RATIO=
BDAXGH=
visceas=

. AKR=
APIRO=
BRO=
ROKE=

ETOC=
EOQZD=
EN=
UVRHO=

HCRHO=
RWHOCL=

. 146742-03
«46156E-02

14400,
+61405
e 42112802
+«10000E«07

.0
o0

«0
«32740E-02

«21170E-01
«25260E-06
«24880E-05
«62950

2
4.1250
1.0000
<0
55. 956

« 10000E#0Q7
5$2500.

Output for reading of the ultrafiltration model parameters
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sy 5.2 Stream Elements (*SE)
- ‘.l
oo
I{ The purpose of this data segment is to read the engineering units

> Toammal
Ry

and the descriptions of all elements of the stream vector.

)\ “
S
L~ The information for each stream element is punched on a card as
|\_'.
N follows:
o
AR
o, uantit Columns Format
e Stream element number 2-5 14
N Engineering units 7-10 Ab
:? Description 16-35 5A4
\
s
- The cards must be entered in ascending order of the stream element
.-:'
j{ numbers, and a card must be provided for each stream element.

e e

Figure 5.5 lists the *SE segment of the data deck for defining

three stream elements. Figure 5.6 gives the corresponding output.

ot
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c. .‘t‘-‘f

A



o——— v A \ rw, e Rl S S o Sus Hade ha il SRl = oY Ui anas SN
T et b i, St e At e Aaw e Ae> i /A oo C gL i ST AN YO SN AR A M AE AR KERCASOMR
W, - A S Rt il LI - . AP N . . .

L)

\

*SF
1 M3/H FLOW RATE
2 G/A3 SUSPENDED SOLIDS
3 /M3 DISSOLVED SOLIDS
4 G/m3 TOT. ORG CARBON
*

Figure 5.5. Listing of the *SE data segment.
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N *SE STREAM ELENENT DEFINITIONS
.
ool ELEMENT  UNITS DESCRIPTION
W, 1 M3/H FLOW RATE
N 2 G/M3 SUSPENDED SOLIDS
: 3 G/u3 DISSOLVED SQLIDS
. 4 G/u3 TOT. ORG CARBON
N X K
b3
A
v

Figure 5.6. Output from the data in Figure 5.5.
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5.3 Stream Names (#*SN)

The simulator provides for the association of a twenty-character
descriptor with each process stream.
The descriptors are entered in the *SN data segment. The format

of each card is as follows:

Quantity Columns Format
Stream number 2-5 14
Description 11-30 5A4

The stream numbers may be entered in any order. It is not necessary
that a descriptor be entered for each process stream.

Figure 5.7 lists the *SN data segment in which descriptions are
provided for ten process streams., The corresponding output is given
in Figure 5.8.

In the output generated from other sections of the simulator,
the stream descriptor normally accompanies the stream number whenever

sufficient space is available.
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*SN
! LABORATORY 9WASTE
2 X-RAY WASTF

3 3 BAD ACTOR FLOW
x 4 OPFRATING ROOM WASTE
S 5 EQUILIZATICN TK DISC
e 6 EQ TK PUMP DISCHARGF
~ 7 RECYCLE PROM OF
- 8 UF FEED PUMP SUCTION
3 9 UF MODULE FFED FLOW
* 10 UF PERMEATE FPLOW

*
5
R
>3
A
4
: Figure 5.7, Listing of the *SN segment of the data deck.
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*SN STREAM NAMES

STREAN

CVWXNIUNEWN =

-

Figure 5.8. Output corresponding to the data in Figure 5.7.

G R e A G R N S W

DESCRIPTICN
LABORATORY WASTE
X-RAY WASTE
BAD ACTOR FLOW
OPERATING ROOM WASTE
EQUILIZATION TK DISC
EQ TK PUNMP DISCHARGE
RECYCLE FROM UF
UF FEED PUMP SUCTION
UF MODULE FEED FLOW
UF PERMEATE FLOR
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5.4 Configuration (*C)

The plant configuration is specified by the information contained
in the input data deck.
For each unit in the plant, two data cards are entered. The first
card specifies the unit number, equipment type, stream connections,
and the descriptor for that item of equipment. The second card
specifies the physical parameters for the respective item of equipment¥
Table 5.2 gives the format for the first card. The format for
the second card is always 8F10.0. The significance of the streams
depends upon the equipment type, and is summarized in Table 5.3.
Table 5.4 summarizes the data input specifications for the basic

equipment types provided by the simulator. Note: The second card is

always required, even though no parameters are to be read for that

respective piece of equipment.

In the stream specifications, a positive stream number designates
an input stream; a negative stream number designates an output stream.

To illustrate, suppose the following specifications are given for
a unit of equipment:

3 oT 1 2 -3 BAD ACTOR WASTE TANK

500. 1700. 50. 50. 756.
The output listing generated in the configuration section is shown in
Figure 5.9. Observe that descriptors accompany the stream numbers,
and that engineering units accompany the parameters in the output
listing.

For the plant whose flow sheet is given in Figure 5.10, Figure
5.11 1lists the configuration data segment. Figure 5.12 provides the

output for this configuration.

* gome pieces of equipment require two parameter cards, refer to the

specific sections in Chapter 3.
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b Configuration Data Card #1
3

3 Quantity Columns Format
\:{ . Equipment Number 2-5 14
4 Equipment Type 9-10 A2
N

1{5 Stream #1 11-15 I5
x

33 Stream #2 16-20 15
s Stream #3 21-25 15
2

‘}: Stream #4 26-30 15
'.\

£a Stream #5 31-35 15
Descriptor 41-60 5A4
o
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ft; Table 5.4

AES Definition of Equipment Parameters

( Equipment Parameter Quantity

-ﬂ MT 1 Initial volume in tank, m3

‘ﬁl 2 Initial suspended solids concentration, g/m3
j: 3 Initial dissolved solids concentration, g/m3
u 4 Initial TOC concentration, g/m3

- OT 1 Initial volume in tank, m

'tg 2 Initial suspended solids concentration, g/m3
§;§ 3 Initial dissolved solids concentration, g/m3
; 4 Initial TOC concentration, g/m3

zi 5 Design overflow, m3/hr

.iﬁ 6 Maximum volume, i~

:§ P 1 Pump flow, m3/hr

;; SP 1 Flow rate of fixed stream, m3/hr

::’ SO 1 Tire of first pulse, hr

iﬂ 2 Time duration of pulse, hr

;:1 3 Time of cycle, hr

: 4 Flow rate during pulse, mhr

f;‘ 5 Suspended Solids concentration, g/m3

*? 6 Dissolved solids concentration, g/m

" 7 TOC concentration, g/m3

- SM None

;h SK None

) UF, TR, GM 1 Number of Tubes

ﬁﬁ 2 Temperature °K

ff 3 Pressure drop across membrane at inlet

; 4 Pressure drop down tube, atm

:j 5 Tube diameter, m

B 6 Tube Length, m
:l RO 1 Pressure drop across the membrane, atm

; 2 Temperature of feed, °K

3 Length of fibers, m

ﬂi 4 Outer radius of fiber bundle, m

- 5 Inner radius of fiber bundle, m

:; 6 Fiber diameter, m

Ld
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4 Table 5.4

‘:E" (continued)
: i Equipment Parameter Quantity
"o 4
'.t’ RO 6 Fiber diameter 3, m
o uv -1 Initial suspended solids concentration,
. g/m3
gi: 2 Initial dissolved solids concentration,
N 3
':-]:‘2- g/m
t. 3 Initial TOC concentration, g/m3
fj_;c 4 Inlet gas phase ozone to air mass ratio
o
NN 5 Volumetric gas flow rate, w3 /hr
L 6 Precontactor
7 Number fo stages
"t 8 Contactor area, m2
.
9 Pre-contactor area, m
] 10 Stage height, m
‘: 11 Feed temperature, °K
\
L (]
s 12 Operating Pressure, atm
f. 2: HC 1 pH of the output
B
A 2 Initial Na(0 Cl). in the HC unit
§ :
3 Inigial suspended solids concentration,
e g/m
o
‘;.}{ 4 Initial dissolved solids concentration,
)’::g g/m3
o 5 Initial TOC concentration, g/m3
6 Feed rate of Ca (0 Cl),, w /hr
75 7 Volume, m3
W 3
8 Ca (0 Cl)2 feed concentration, g/m
%
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o latala

1

N UNIT NO. 3 A OVERFLOW TANK BAD ACTOR WASTE TANK

‘. : INPUT STREANS

2 o 1 . LABORATORY WASTE

; -2 X-KAY WASTE

) OUTPUT STREANS

i '3 ' BAD ACTOR FLOW

* INITIAL CONDITIONS

- VCLUME OF TANK .50000 cu.n

L SUSPENDED SOLIDS 160.00 G/M3

] DISSOLVED SOLIDS 1700.0 G/M3
TOTAL ORG CARBON 263.73 G/n3

g DESIGN PARAMETERS ‘ ,
DESIGN OVERFLOW RATE -50000E-01 M3/H

'\ MAXIMUM VOLUME 75600 co.na

)

ATy

A

L3

N

5

d

3

¥

[)

3

w

F

'; Figure 5.9. Example of the output generated in the configuration section.
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Figure 5.11.

.189
06615
263.73
<5292

263.73

263.73

2.04

Configuration data segment for the plant in Figure 5.10.

LAB WASTF SONRCE
X-RAY WASTE SOURCE
BAD ACTOR WASTE TANK
HASTE SOURCE
EQUALIZATION TANK

EQ TANK PUMP

UF FEED TANK

UF FEED PUMP

UF MODULR




7
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B “ y

*C PLANT CONFIGOURATION

UNIT NO. 1 STREAM SOURCE
INPUT STREAMS
NONE

OUTPUT STREAMS

1 LABORATORY WASTE

INITIAL CONDITIONS
NONE

DESIGN PARAMETERS
TIME OF FIRST PULSE
PULSE DOURATION
PULSE CYCLE TINME
PULSE FLOW BATE
SUSPENDED SOLIDS
DISSOLVED SCLIDS
TOTAL ORG CARBON

UNIT NO. 2
INPUT STREANMS
NCNE
OUTPUT STREAMS
2 X-RAY WASTE
INITIAL CONDITIONS
NONE
DESIGN PARAMETERS

STREAM SOUR

TIME OF FIRST PULSE 9.0000 HR
PULSE DURATION 8.0000 HR
PULSE CYCLE TIMNME 24,000 HR
PULSE FLOW RATE «66150E-01 M3/H
SUSPENDED SCLIDS 43.000 G/N3
DISSOLVED SOLIDS 1247.0 G/M3
TOTAL ORG CARBON 126.00 G/Nn3
UNIT NO. 3 OVERPLOW TANK BAD ACTOR WASTE TANK
INPUT STREAMNS
1 LABORATORY WASTE
2 X-RAY WASTE
OUTPUT STREANS
3 BAD ACTCR FLOW
INITIAL CONDITIONS
VOLUME OF TANK « 50000 CU.N
SUSPENDED SOLIDS 160.00 G/n3
DISSOLVED SOLIDS 1700.0 G/H3
TOTAL ORG CARBON 263.73 G/M3

DESIGN PARAMETERS
DESIGH OVERPLOW RATER
RAXIEOR VOLOMB

LAB WASTE SOURCE

9.0000 HR
7.0000 HR

24.000 HR

. 18900 M3/H
58.800 G/N3
2151.0 G/M3
476.00 G/M3

CE X-RAY WASTE SOURCE

« 50000501 N3/
« 75600 cs.a

Figure 5.12. Configuration output for the data in Figure 5.11.
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1
i.\-
i} UNIT NO. 4 STREAM SOURCE 0. R. WAST® SOURC®
ol INPUT STREAMS
z NONE
L OUTPUT STREAMS
R 4 OPERATING ROOM WASTE
.- INITIAL CONDITIONS
"0NR
N DESIGN PARANETERS
v TINR OF PIRST PULSE .0 [}
- PULSE DURATION -25000 HR
0 PULSE CYCLE TINE .75000 HR
s PULSE FLOW RATE .52920 m3/H
-5 SUSPENDED SOLIDS 2.0000 G/M3
o DISSOLVED SOLIDS 1788.0 G/M3
e TOTAL ORG CARBON 252.00 G/M3
3
L/~
L'~ UNIT NO. 5 MIXED TANK EQUALIZATION TANK
b INPUT STREAMS
0 3 BAD ACTOR FLOW
: 4 OPERATING KOOM WASTE
- OUTPUT STREAMS
- 5 EQUILIZATION TK DISC
N INITIAL CONDITIONS
! VOLUNME OF TANK 2.5000 CU.n
oo SUSPENDED SOLIDS 160.00 G/M3
DISSOLVED SOLIDS 1700.0 G/M3
‘e TOTAL ORG CARBON 263.73 G/u3
4 DESIGN PARAMETERS
o NONE
>
o
i UNIT NO. 6 pPUAP EQ TANK PUNMP
INPUT STREAMS
a: 5 EQUILIZATION TK DISC
k; OUTPUT STREAMS
\ 6 EQ TK PUMP DISCHARGE
i INITIAL CONDITIONS
A NCONE
. DESIGN PARAMETERS
o PUMP FLOW RATE . 27000 M3/H
o
X UNIT NO. 7 MIXED TANK OF FEED TANK
= INPUT STREAMNS
o 6 EQ TK POUMP DISCHARGE
-~ 7 RECYCLE FROHN UF
..z OUTPUT STREAMS
i 8 UF PEED PUNP SUCTION
5 INITIAL CONDITIONS
- VOLUME OF TANK 2.5000 cu.n
N SUSPENDED SOLIDS 160.00 G/n3
) DISSOLVED SOLIDS 1700.0 G/M3
N TOTAL ORG CARDOD 203.73 /n3
xv DRSIGE PARARETEERS
o sons
:_ Figure 5.12. (continucd)
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...........

UNIT NO. 8 pump UF FEED DPUMP
INPUT STREAMS
8 UOF FEED PUMP SUCTION
OUTPUT STREAMS
9 UF MODULE FEED FLOW
INITIAL CONDITICNS
NONE
DESIGN PARAMETERS
PUNP PLOW RATER 2.0000 LRV
GEIT ¥O. 9 ULEBAPILYRATION gr ROMLE
INPOT STREAMS
9 OF MODULE FEED FLOW
OUTPUT STREAMS
10 UF PERMEATE FLOW
7 RECYCLE FROM UF
INITIAL CONDITICONS
NONE
DESIGN PARAMETERS
NUMBER OF TUBES 4.0000
FEED TEMPERATURE 311. 10 DEGK
INLET DELTA P 3.4000 ATHM
DELTA P DOWN TUBE 1.3600 ATHM
TUBE DIAMETER -2540Q0E-01 M
TUBE LENGTH 20. 490 M
UNIT NO. 9999 STREAN SINK
INPUT STREANS
10 UF PERMEATE FLOW
OUTPOT STREAMS
NONE
INITIAL CONDITIONS
NONE
DES1IGN PARAMETERS
sous

rrFIE |

-k

e

Figure 5.12. (continued)




Upon completion of the entry of the plant configuration, a check
is made to see that for each stream

a) one and only one source is specified, and

b) one and only one destination is specified.
When a duplicate source definition or a duplicate destination defini-
tion is encountered, messages are generated in the configuration output.
Figure 5.13 gives the stream summary printed after all units have been
specified.

If any errors are detected in either the configuration or in the
parameters specified, the run is terminated. The errors in the con-

figuration section should be corrected and the run repeated.
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Figure 5.13. Stream summary generated for the data in Figure 5.11.

<l 't 56

a” - ¢ .'. Y N, T e, . o '\‘ L ad h'- t-- [ P
v LT PRSI A '4“4*:‘3.1}.:‘-,.\. e ™ o

T PTG AN RO L L Lo T L e e . .

-




i

RNEESS

i

o ]

-

3¢

4
;
#

5.5 Print Specifications (*PR)

The simulator will generate a tabular listing of up to ten process
variables as a function of time. The output may be specified to be
either of the following:

1. Any element of any stream, or

2. Any parameter associated with any unit of equipment.

At least one print specification must be made if an off-line storage
specification is not made (See Section 5.6).
The specifications are entered, one per data card, as follows:
Col. 2-5: stream number or unit number, with the latter
being entered as a negative number,

Col. 6-10: element number or parameter number.

Figure 5.14 lists a typical print specification segment of the input
data deck. Figure 5.15 gives the output of the specification data.
Observe that descriptors accompany all stream numbers, element numbers,
equipment numbers, and parameter numbers. Figure 5.16 gives the tabu-

lar output generated during the execution of the simulation.
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Figure 5.14. Typical print specification segment of the input data deck.




v
123
2
N
i
v :'-'
«j *PR PRINT SPECIFICATIONS
\ . 1
PRINT INIERVAL IS -40000 HRS |
""" STREAN 9 UFP MODULE FEED FLOW
ELEMENT 2 SUSPENDED SOLIDS
~—-==-STREAN 9 UF MODULE FEED FLOW 1
ELENENT 3 DISSOLVED SOLIDS
----- STREAM 9 UF MODULE FEED FLOW
ELEMERT 4 TOT. ORG CARBON
-==-=STREAN 10 UF PERMEATE FLOW
ELEMENT 1 FLOW RATE
-—=-=STREAN 10 UF PERMEATE FLOW
ELENMENT 2 SUSPENDED SOLIDS
‘‘‘‘ STREAN 10 UF PERMEATE FLOW
ELEMERT 3 DISSOLVED SOLIDS
++4+¢+¢0UNIT 7 UF FPEED TANK
PARAMETER 1 VOLUME OF TARNK
-=—==-STREAM 5 EQUILIZATICN TK DISC
ELENENT 2 SUSPENDED SOLIDS
°°°° STREAN 5 EQUILIZATICN TK DISC
ELENMENT 3 DISSQOLVED SOLIDS
++¢¢¢NIT 5 EQUALIZATION TANK
PARAMETER 1 VOLUNME OF TANK

Figure 5.15. Output of the print specification data.
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...................

v‘
L
.J':-I
N
ShAS STRM 9 STRN 9 STFM 9 STEM 10 STRY 10
W TIME ELF. 2 ELE. 3 ELE. 4 ELE. 1 ELE. 2
(s .0 160. -170E+04 264. 1.27 .0
s .400 194, -170E+04 294, 1.06 .0
NN .800 232, - 170 E+04 332. .902 .0
-3 1.20 275. < 170E+04 376. .788 -0
SN 1.60 321. < 170E+04 426. .700 .0
£ 2.00 372. . 171E+04 481. .629 .0
2.40 427. < 171E+04 542. .572 .0
0N 2.80 486. -171E+404 606. <524 .0
W 3.20 549. «171E+04 675. .483 .0
e:ﬁ 3.60 613. <171E+04 745. .448 .0
VR 4.00 679. -171E+04 816. .418 .0
ey 4.40 745. <171E+04 687. <392 .0
. 4. 80 809. < 171E+04 955. -369 -0
N 5.20 869. - 172E+04 < 102E+04 -348 .0
» 5.60 925. - 172E+04 - 108E+04 -330 .0
(17 6.00 974, < 172E+04 < 112E+04 -313 -0
.;ﬁ 6.40 - 101F+04 < 172E+04 . 117E+04 .298 .0
-~ 6.80 -105E+04 < 172E+04 - 120E+04 . 285 .0
ad 7.20 «107E+04 - 172E+04 .« 122E+04 <272 .0
Iy 7.60 - 109E+04 «173E+04 -123E+04 <261 .0
RN 8.00 - 109E+04 « 173E404 -123E+04 <251 .0
o 8.40 . 109E+04 «173E+04 « 123E+04 <201 .0
W 8.80 - 108E+04 «173E+04 .122E+04 .232 .0
NN 9.20 - 107E+ 04 «173E+04 <121E+04 <224 .0
‘ 9.60 - 105E+04 - 173E+04 -119E+04 -216 .0
et 10.0 .103E+04 - 174E+04 - 116E+04 . 209 .0
o 10. 4 - 100E+04 - 174E+04 - 114E+04 -202 .0
e 10.8 972. < 174E+04 <111E+04 -196 -0
G 11.2 943. < 174E+04 - 109E+04 - 190 -0
s 11.6 914. «174E+04 - 106E+04 - 184 .0
12.0 884. - 175E+04 -103E+04 -179 .0
A% 12.4 854. - 175E+04 - 100E+04 174 0
ol 12.8 824. - 175E+04 978. - 169 .0
NI 13.2 796. < 175E404 954 . - 165 .0
: 13.6 768. «176E+04 930. -161 .0
AL 14.0 741. -176E+04 909. - 156 .0
_ 4.4 715. - 176 E+04 888. . 153 -0
by 4.8 691. «177E+04 869. . 149 .0
N 15.2 667. - 177E+04 851. - 146 -0
- 15.6 644, < 178E+04 833. <142 .0
o 16.0 623. -178E+04 817. - 139 .0
N 16.4 602. - 178E+04 801. . 136 .0
— 16.8 582. -178E+04 786. -133 .0
o 17.2 563. «179E+04 771, <130 -0
NN 17.6 545. <179E+04 757. . 128 .0
- 18.0 528. - 179E+04 744, -125 .0
e 18.4 512. - 179E+04 731. .123 .0
L 18.8 496. < 179E+04 719. -120 .0
ad 19.2 482. -179E+04 707. <118 .0
¥, ‘" 99.6 867. « 100R+08 69%. 116 )
oo 20.0 s, <« 1008608 68S. « 118 -0
Q. N
ity
T‘ Figure 5.16. Tabular output generated during the simulation
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STRM 10 UNIT 7 STRM 5 STRN 5 UNIT 5

ELE. 3 PAR. 1 ELE. 2 ELE. 3 PAR. 1
<170E+04 2.50 160. -.170F¢0 4 2.50
< 170E+04 2.15 152. .170E+0 4 2.54
o~ < 170E+04 1.86 150. <170E+04 2.48
> <« 170E+04 1.63 144. -171E+04 2.50
3 < 170E+04 1.44 141. - 171E+04 2.46
- < 170E+04 1.28 137. .171E+04 2.45
S <170E+04 1.15 133. L171E+04 2.44
<171E+04 1.04 130. -171E+04 2.41
< 171E+04 .947 125. - 171E+04 2.43
< 171E+04 869 124. -171E+04 2.36
< 171E+04 .804 117. «172E+04 2.41
<171E+04 -750 118. - 172E+04 2.32
< 171E+04 706 112. . 172E+04 2.36
< 171E+04 .670 112, <172E+04 2.27
<171E+04 643 10b. - 173E+04 2.32
«172E+04 «622 107. - 173E+04 2.23
.« 172E+04 .608 101. «173E+04 2.27
«172E+04 <599 101. «173E+04 2.21
<172E+04 .595 96.7 «173E+04 2.23
«172E+04 597 95.0 «173E+04 2.19
«172E404 <602 92.4 .174%+04 2.18
4 «173E+04 612 89.7 « 174E+04 2.17
L <173E+04 625 88.3 < 174E+04 2.14
b « 173E+04 <642 84.6 - 174E+04 2.16
- e« 173E+04 <662 83.7 <174E+04 2.09
«173E+04 .685 78.6 < 1758404 2.14
« 173E+04 .711 78.5 -175E+04 2.05
« 174E+04 <740 73.6 - 175E+04 2.09
<174E+04 <771 73.5 «176E+04 2.00
<174E+04 -804 68.9 - 176E+0 4 2.05
« 1T4E+04 .839 68.8 «176E+04 1.96
- 174E+04 -877 64.5 «176E+04 2.00
«175E+04 -916 63.4 -177E+04 2.01
«175E+04 <957 60.2 . 178E+04 2.11
« 175E+04 1.00 58.6 -« 179E+04 2.16
«176E+04 1.04 566 <179E+04 2.23
-« 176E+04 1.09 54.7 - 180E+04 2.30
« 177E+04 1.4 53.7 - 180E¢+0 4 2.35
< 177E+04 1.19 51.6 - 180E+04 2.45
«177E+04 1.24 51.2 . 181E+04 2.47
<178E+04 1.29 48.9 <18 1E+0 4 2.60
< 178E+04 1.34 49.0 <181E+04 2.51
-« 178E+04 1.39 46.7 . 181E+04 2.56
«178E+04 1.45 46.8 «181E+04 2.48
«179E+04 1.51 44.5 -« 181E+04 2.52
-« 179E+04 1.56 44.6 <18 1E+04 2.43
« 179E+04 1.62 42.5 - 180E+04 2.48
«179E+04 1.68 42.1 « 180E+04 2.41
«179E+04 1.74 40.5 <« 180E+04 2.43
« 1T9E+04 1.80 39.8 - 180E+04 2.39
- 17980604 1.86 38.7 - 1802¢08 2.39

Figure 5.16. (continued) i
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5.6 Plot Specifications (*PL)

The simulator will generate plots of up to ten process variables

,3 as a function of time. The output may be specified to be either of
-P‘q
)
} 4“. -
id the following:
s‘
o 1. Any element of any stream, or
b 2. Any parameter associated with any unit of equipment
g o
lﬁﬁ If no plots are to be generated, the entire plot specification data

segment should be omitted.
The first data card in the plot specification segment contains
)w; the time duration (in hours) for the plot in columns 1-10 (format is

F10.0). The following cards contain the specifications entered one

t

" per card, as follows:
2
j\ Col. 2-5: stream number or equipment number, with the latter
J‘
b
_*‘ being entered as a negative number
\_ Col. 6-10: element number or parameter number
AL
:k; Figure 5.17 lists a typical plot specification segment of the input
s
X data deck. Figure 5.18 gives the output of the specification data.
X The plots themselves will be presented in a later section.
8
3 The plots are not generated as the simulation is being executed,
<
but instead the values are stored in arrays for plotting upon completion
jé% of the run.
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Figure 5.17. Typical plot specification segment of the input data deck.
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20.00 HRS

EQUALIZATION TANK
VOLUNE OF TARK
UF MODULE FEED FLOW
SUSPENDED SOLIDS
UF MODULE FEED FLOW
DISSOLYED SO1IDS
UF PERMEATE FLOW
FLOW RATE
UF FEED TARNK

VOLUME OF TANK

'

.l
oo

.'\;_15
1
K
ah
W]
3
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U
g% *PL PLOT VARIABLES
:
124 PLOT DURATION
++4+40NIT 5
.\: PARANETER 1
3\ ~====STREAN 9
a% ELEMENT 2
4 ———==STREAM 9

ELENENT 3

v« [ STREAM 10
75 ELEMENT 1
Xy‘::; QOOOOUNIT 7
:%; PARAMETER 1
e

‘:‘th

eyl

e
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Figure 5.18. Output of the plot specification data.
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5.7 Run Specifications (*RUN)

A,

. This section is used to specify to the simulator the total run
time and the integration step size to use. These values are entered
on a single card with FORMAT (2F10.0). Figure 5.19 lists a typical

run specification segment of the data deck. Figure 5.20 gives the

output generated by the *RUN sectionm.
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Figure 5.19, Typical run control data.
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®RUN RON TIME PARAMETERS
TOTAL TIME FOR RUN 20.00 HRS
INTEGRATION STEP SIZE «1000E-02 HRS

Figure 5.20. Output from run control section.
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Upon completion of the simulation, the simulator prints a material
balance showing

1. Initial inventory

2. Amount input (from sources)

3. Final inventory

4. Amount output (to sink)
A typical material balance output is given in Figure 5.19. Due to
round-off errors, the material balance does not generally close exactly
(except for plants with small configurations). However, large errors

would indicate a problem somewhere in the coding.
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**$**xMATERIAL BALANCE#®%%x%

VOLUME
SUSPENDED SOLIDS
DISSOLVED SOLIDS

TOTAL ORGANIC CARBON

-
............

INITIAL
INVENTORY
5.50
880.
«935E+04
« T45E+ 04

ANMOUNT

INPUT
5. 42
108.
«990E+04
- 160E+04

-----

TOTAL
IN
10.9
988.
«192E+05
«3J05E+04

PRI A TR ouY -
"’ " "
prerceLe]

.~

s e
AR

FINAL ANOUNT TOTAL
IRVENTORY QUTPOT 0BT DIFFERENCE
4.85 6.02 10.9 «480E-01
971. -0 971. 16. 4
<8T7E+04 « 104E+05 +191E+05 132.
«218E+04 832. «302E+04 31.7

Y

£

Figure 5.19. Simulator Output of Material Balance Calculations.
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5.8 Plot Control (*p(C)

As indicated in an earlier section, a maximum of ten variables
can be plotted. The simulator permits the output to be one plot con-
taining all ten variables, to be ten plots containing one variable
each, or to be any combination thereof.

For each variable to be plotted, a data card must be entered

containing the following information:

Quantity Columns Format
Plot Character 1 Al
Zero-coordinate 6-15 F10.0
Maximum-coordinate 16-25 F10.0

The plot grid is 40 rows by 100 columns.

The existence of a blank card in the data deck indicates to the
simulator that a plot is to be generated containing the variables for
which the plot parameters have been given. To illustrate, a typical
plot control data segment is illustrated in Figure 5-22., A total of
four plots will be generated. For all plots except the second, a
single variable will be plotted. One the second plot, two variables
will be plotted. When more than one variable is to be plotted, the
y-coordinates are always that of the first variable for that respective
plot. Figure 5-23 illustrate the second plot generated from the data

in Figure 5-22.
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Figure 5.22. Typical plot control segment of the input data deck.
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:ﬁl 5.9 Off-line Storage (*OF)

" This section allows for the storage of the values of up to 50

process variables, which may be retrieved for printing and/or

=
Ei plotting at a latter date (see section 5.11). The values are
;; written to FORTRAN logical unit number 8, which should be connected

;\ to a sequential dataset with a logical record length of one byte.

N

;3 The first data card must be a unique message that uniquely

:: identifies the particular run. The next data card is a flag that tells
i{ the simulator where on the dataset to store the values of the run.

\Es There are two choices; FORMAT (I2):

a 1) -1 tells the simulator to start at the very beginning of the
:. dataset (this is required if the dataset has never been

;é used by the simulator)

bi: 2) +1 tells the simulator to start at the end of the last set

iﬁ of values on the dataset (in valid for a new dataset)

E The third card is the save interval, i.e., the time interval between

-ﬁ saves.

I After the third card, the process variables to be saved are

5

specified, one per card, just as in the print segment. See section 5.5

for what variables may be saved, and the format of each data card.

¢+ DY

Figure 5.24 lists a typical off-line specification segment of the input
data deck. Figure 5.25 gives the output fo the off-line segment.

Note that this segment must be specified after the configuration

VAN Ay,

-

L '

section, and before the run section.
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3

*OF

e -1

by RUN NUMBER ABC123

o4

% 9 2

3 9 3

- 9 4

r 10 1

; 10 2

$ 10 3

M -7 1

o 5 2

i 5 3
-5 1

‘ %

-’4

3

2

E Figure 5.24. Sample input data for Off-line Storage

v

74

PR am

o i 1Y

[ bl S

L4




s -~
. ~
% MNVLI 40 ERNTOA L JaLaWvVy¥vd N
. SNVI ROTLVZITVO0A S IIHD+ 4444 @
3 SAT10S AIATOSSIA 3 ININATd 2
¥ JOSIQ ¥I ROIINZITINDA S REIEIS———— b
" SAI10S dAaNadsns Z IN3NATE o
X JSI@ ¥I NOTLVZITINOZ g WYI¥LlS----- -
X MNVLI 40 IWNTOA I 841dWyuvd &
. ANYYI Q3dd dn L IIND+ 4444 2

- SAIT0S AIATOSSIQ £ INdWATE o0 -

L ®01d4 FIVIREIL d0 oL RVIdIS-———- i 5

_ SAITOS AIANIdSHS Z LNAN3TE | "

KOTd SILVEWHAG dD oL WYI¥IS-——-- o X

11VE MO14 t INGRETE = X

MO1d FLVEANEId dn oL WVIJLS-—-- 9 ’,

NOHYYD 980 °I0I f INIRITd S 0 w.

014 G331 FTNAOW 4D 6 RVIYIS-——- - A

SAI10S AIATOSSIC £ INIWATE 3 :

#0Td @334 3T0AOW A0 6 W¥IYLS—-——- g v

SA110S QAARIASNS 4 INdW31d 5 o

MOTd @34 ATI0COW 4N 6 RYIELIS----- K "

000h*  SI TVA¥ELNI 3AVS FHI o *

"ONINNIDZg FHI WO¥d QIAVS SANTVA MAN FHI ONV ‘@I¥vaId 29 TTIN L3S VIVA FHI o .

€Z12av UIGWNN NORY g v

ST I3S VIVA dHL 904 d9HVSSER ¥AGVIH AL 2 <

LSI1 Y4LINVEVd dANIT-440 0%

LA

Figure 5,25.

A I A . ..\.s.‘.-‘.. RIS TRy Ry B T he J«I*JJ by < .\-QQI_WI.,\-ﬁnc.n...
ﬁ .-.--J;.{..‘:\. h .-,-.\\. --..ﬂ..- xﬂ- -ﬁ\ﬁ 24 \3 ) “.W ac\ )‘f{. -lef N y-\hin hiona "




Ot

[

o=

YR

'l
a¥a

> YA

ay -

A A RN

A

L]
L

5.10 01d Value Retrieval (*OL)

This segment indicates to the simulator that no simulation is to
be performed, rather, values are to be read from a dataset on which
values of a previous run have been stored by use of the off-line
storage feature (see section 5.10). The dataset must be connected
to FORTRAN logical unit number 8.

The only card in this section must contain the identification
message of the data to be retrieved. This message must be identical
to the message used in the off-line storage run. Figure 5,26 gives
the corresponding *OL message for the *OF message of Figure 5.24.
Figure 5.27 gives the corresponding output.

Note that *OL and *RUN are mutually exclusive. Also, the *SE,

*SN, and *C sections must be specified again, exactly as in the original

simulation run.
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Figure 5.26. Sample data to retrieve the values
saved by the data in Figure 5.24.

77

T T ST L AR L R A L N R S Gy R Y
! v P ¥ s ) ) L) 3




'1{"‘. T‘_;;,":._

DRACA Y

']
«

bl s
PSSP

&
)

/X XRAA

1‘“?. -

a2

o ek

U Lairee

LAk o & L P

*

LSba

it g o
Vg 5
o Py

e

AR LA CETIN

0 L

*0OL OLD VALUES SPECIFICATIONS
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Figure 5.27. Simulator output ‘or the *OL data
given in Figure 5.26.
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SUBROUTINE WPE
WPE SIMULATOR

THIS IS THE MAIN EOUTINE FOR THE SIMULATION PACKAGE

2NsNeo X2

COMMON /LOOK/  ISW
COMNCN /MATDIS/ MATCAL
COMMGN STREAM (4,100), ICONFG(8,100), PAR(500), NPAR,
& NCALL, IUNIT, NPATER, NS, NEQ, DESC(5)
COMMCN /CTIME/ TIME, FTIME, DT
CCMMON /CPLOT/ NPLOT, TPLOT, KPLOT, PLTDTA{100,10),
& JPSTRM (2, 10)
COMMON /CPRINT, TPRINT, NPELE, KPRINT (2,10)
COMMON /COFLN/ NPL, LIST(2,50), LABLE, TOFLN,
& MESSAG (20) , IEOF, IHEAD
COMMON /MATBAL,/ BALNCE (4), AMTIN(4), AMTOUT (4)
DIMENSICN BALNC(4), TCTIN(4), TOTOUT (4), DIPF (4)
NPAR - NUMBER OF PARAMETEBS FOR UNIT I
(INDEX INTC ARRAY PAR)
NCALL - SUBROUTINE CALCULATION SELECTION
-1 - READ PABAMETERS
0 - INITIALIZATION
1 - SIMOULATE
NPELE - NOUNMBER OF PRINT ELEMENTS
NPLOT - NUMBER OF PLOT ELEMENTS
NOFLIN- NUMBER OF OFF-LINE ELEMENTS
KPLOT - INDEX (2) INTO ARRAY PLTDTA
STREAM (4,100) - STREAM VECTORS (FLOW,SS,TDS, TOC)
ICONFG(8,100) - CONFIGURATION ARRAY
(UNIT#,TYPE CODE,STRM1,...,STRN5,NPAR)
PAR (500) - PARAMETER VECTOR
KPRINT - STREAM/ELEMENT DESIGNATION OF PRINT OUTPUTS
JSCK(2, 100) - STREAM CEECK ARRAY
JPSTRM (2,10) - STREAM/ELEMENT DESIGEATION OF PLOT OUTPUTS
PLTCRD (2,10) - YO/YMAX FOR PLOT OUTPUTS
PLTDTA (100, 10) - PLOT DATA
CALL ERBSET (208,0,-1,1)
po 10 J=1,100
DO 10 I=1,4
10 STREAM(I,J)= 0.0
ISR= 0
NFATER= 0
C READ CONPIGURATION ANC PARAMETERS
CALL RDATA
TIME= -DT
DTPLOT= .01#TPLOT
XPRINT= 0.0
XOFLN= 0.0
XPLOT= 0.0
IF (NPL .LT. 0.) GO TO 60
C GET INITIAL INVENIORY
MATCAL= 0
NCALL= -2

e N EeEeNe Rz N Ne Xz RNz NeKeNe KeNa R Ko Ke!
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DO 20 IONIT= 1, NEQ
NPAR= ICONFG (8,IUNLT)
20 CALL SUBCAL
DO 30 I=1,4
BALNO (I) = BALNCE (I)
30 EALNCE(I)= O.
PERFORNM INITIALIZATION CALCULATIONS
NCALL= 0
40 IFP(NPL .LT. 0.) GO TO 60
DO 50 IUNIT=1,NEQ
NPAR= ICONFG (8,IUNIT)
50 CALL SUBCAL
IF (NFATER .GT. 10) STOP 45
PERPORM SIMULATIGN
NCALL= 1
60 TIME= TIME + DT
DTIME= TINE + .01#D1
IF(NFL .EQ. 0) GO TO 80
IP (DTIME .LT. XOFLN) GO TO 80
XOPLN= XOFLN + TOFLN
IF(NEL .GT. 0) CALL SAVEIT
IF (NFL .LT. 0) CALL GETIT
80 IF(NPELE .EQ. 0) GO TO 90
IF(DTIME .LT. XPRINT) GO TO 90
IPRINT= XPRINT + TPRINT
CALL PRINT
90 IF(NPLOT .EQ. 0) GO TO 100
IF(DTINE .LT. XPLOT) GO TO 100
XPLOT= XIPLOT + DTPLOT
CALL PLOT2
100 IF(DTIME .LT. FTIME) GO TO 40
IF (NPL .LT. 0) GO TO 160
IP (NPL .NE. 0) WRITE(8,110) IEOF
IF(NPL .NE. 0) ENDFILE 8
110 FORMAT (A4)
GET PINAL INVENTORY
MATCAL= 1
NCALL= -2
DO 120 IUNIT=1,NEQ
NPAR= ICONFG(8,IUNIT)
120 CALL SOUBCAL
WRITE (6,130)
130 PORMAT (" 1¢%¢$sNATERIAL BALANCE®%%%%¢/32X , 'INITIAL',7X,
& 'AMOUNT',6X,'TOTAL',6X, 'FINAL',8X,*AMOUNT',6X,* TOTAL®
& 31X,'INVENTORY',7X, ' INPUT',8X,' IN',5X," INVENTORY',6X,
& 'OUTPUT',7X,'0UT',4X, 'DIFFERENCE")
DO 140 I=1,4
TOTIN(I)= AMTIN(I) ¢ BALNO(I)
TOTOUT (I)= AMTOUT (I) + BALNCE(I)
140 DIFF(I)= TOTIN(I) - TOTOUT(I)
WEITE(6,150) (BALNO(I),AMTIN(I),TOTIN(I),BALNCE(I),
& AMTOUT(I),TOTOUT (I),DIFF (I),I=1,4)
150 PORMAT (6X,'VOLUME',T29,7G12.3/6X, *SUSPENDED SOLIDS!,
& T29,7612.3/6X,'DISSOLVED SOLIDS',T29,7G12.3/6X,
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160 IF (NPLOT .EQ. 0) STOP
CALL PLOT3
RETURN
END
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REAL*8
COMMON
CONMON
£
COMNON

&
CONNON
COMMCN
COMHON
COMMON

&

&
COMMON
COMHMCON
CCHMCN
COMAON
CONANCR
CONMON
COMNON
CCHMON
COMMCN
CONMON
CONNON
CONNCN
CONNON
COBANCN
COMMCN
COMMNON
COBNCN
CONNON
CoMHON
CCHMMCN
CONMON
CONMHON

BLOCK DATA

HC1
/CTINE/
/COFLN/

/CPLOT/

/CPRINT/
/CREAD/
/MATBAL/
/NANES/

/UFPARN/
/UPFIT/

/PARMUE/
/TRPARM/
/TRFIT/

/PARMTR/
/GMPARM/
/GHFPIT/

/PABMGHN/
/CHECK/

JUESAVI/
/PARNBO/
/ROFIT/

/ECPARN/
/P1DSAV/
JUVPIT/

/UVPARM/
/STGSAV/
/STAGES/
/GASL AN/
/HCPARM/
/HCSAV2,

TIME, PTIME, DT

NPL, LIST(2,50), LABLE, TOFLN,
MESSAG(20), IEOF, IHEAD

NPLOT, TPLOT, KPLOT, PLTDTA(100,10),
JPSTRM (2,10)

TPRINT, NPELE, KPRINT (2,10)

IFIRST, IAST, ICARD(20)

BALNCE (4), AMTIN (4), AMTOUT (4)
IONITS(12), NMSTRN(5,100),
NMEQPT (5, 100) , NMELE (5,5),
NMPAR (6, 75), IDNMPR (150)
UF1(2), IUF1(3)

UF2 (6)

UF3(5)

TR1(2), ITR1(3)

TR2 (10)

TR3(5)

GM1(2), IGN1(3)

GM2(11)

GM3(5)

JSCK (2,100)

UFSAVE

BO1(6),IR01(2)

RO2(10)

RO3 (4) ,IRO3 (3)

PIDSV (2)
Ov1(10)
uv2(6) .,
Uv5 (50)
uv4 (2)
RGAS
HC1(5) .,
HC2(3)

ISONIT (5),

10V

IHC1(2)

DINENSICN NMPR(6,11), NMUF(6,8), NMOV(6,7), NHRO(6,3),

NNEXTR (6,1), NMHC(6,3), NMPID(6,7),
NMSN (6,4), NMKN(6,5), NNBIN (6, 3)
EQUIVALENCE (NMPR,NNPAR(1,1)), (NMOP,NMPAR(1,12)),
(NNOV, NMPAR(1,20)), (NMRO, NMPAR (1,27)),
(NMEXTF, NNPAR (1, 30)), (NMHC, NMPAR (1,31)),
(NNPID,NNPAR (1,34)) , (NNSN,NMPAR(1,41)),
(RMNN,NMPAR (1,45)), (NMBIN, NNPAR (1,50))
C DATA STATEMENTS FOR ULTRAFILTRAT ION

PO m oo

DATA IUF1 /3%0/, ITR1/3%0/

DATA UF2 7711251, 40141, .14674E-3, .10537, 1.1185,
Cc G1 G2 GINFC1 c2

& 0.46156E-2/

C CINF

DATA UF3 /0., .003274,1.B6, O., 0./
C TENP VISC DENB DPZERO PDROP
C DATA STATEAENTIS FOR TUBULAR RO

DATA TR2 /1.91B4, 0.57895, 1.44E4, 1.0391E-8,
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GAM1 GAM2  GAMINF API
£ 3.9526E-5, 4.2112E-3, 4.8E-2, 3.0254E-7,
B c DCX ADAX
3 4.854E-06, 0.61405/, I1GM1/3%0/
BDAX CDAX
DATA TR3 ,0., .003274, 1.E6, O., 0./
TEME VISC DENB DPZFRO PDROP
DATA STATEMENTS FOR GEL MODEL
DATA GN2 /11%0.0/
DATA GM3 /0., .003274, 1.E6, O., 0./
TEMP VISC DENB DPZERO PDROP
DATA STATEMENTS FOR FIBER REVERSE OSMOSIS
DATA RO1 /0., 0., 0., 0., .05, .01/
I RO RI DF TOLMX TOLMN
DATA IRO1 0, 10/, IRO3/ 17, 22, 0/
NWRITE NSTEPS MCNT2 MCNT3 JWRITE
DATA R02/0.02117, 5.7434E-4, 3.791, 2.526E-7, 6.81E-5,

AKA AKC ERE API BPI
& 18.35, 2.488E-6, 1.351F-6, 3.694E7, .6295/
GAMMA B C NF BATIO
DATA RO3 /0., .003274, 0., 1.E6/
TENP VISC DELP RHOB

DATA STATEMENTS FOR UV/OZONATION
DATA UV1  /2.856E+6, 1.0, 4.125, 931.24, 0., 1.0,
KHENRY ECOZ ETOC  KRATE KDCONP EOZD
& 0., 1.6667E-4, 0.0, 16830./, 10V/0/
UVEFCT RATIO EN QPRINE NWRITE
DATA UV2 , 0., 0., 0., 55.556, 0., 0./
CAREA PARFA H RHOB PRESS TENP
DATA BRGAS /.8205/
DATA STATEMENTS FOR HYPOCHLORINATION
DATA HC1 40.TO0, 0.D0, 0.D0O, .27D-7, 0.DO/

VOL ALPBA RT KEQ CAOCL2
DATA HC2 /52500.0, 52500.0, 1.E6/, IHC1/0, 30/
MWEOCL MWOCL RHO JWRITE MCNT

DATA NPL /0/, TOFLN/O./, IEOF/'*EOFP'/, IHEAD/"HEAD'/
CATA NPLOT /0/, TPRINT/0./, NPELE/0/, IAST/'%*'/

CATA NMSTRN/500%? '/, JSCK/200%0/, KPLOT/0/

DATA BALNCE,ANTIN, AMTOUT/4%0.0, 4*0.0, 4*0.0/

DATA IURITS/'HB', *M3/H', 'G/M3°, 'CU.M', 'N', 'N2°,

& ‘*G/M3Y, YM2/H!', 'DEGK?', 'ATN', " ¢,6 v 0y
MT
DATA IDNMPB/Y1, 4, 7, 5, 6, 30,
oT
& 2, 6, 7, 5, 6, 30, 8, 9,
p
& 3, 1, 10,
SP
& 4, 1, 11,
SO
8 5, 7, 1, 2, 3, 4, 5, 6, 30,
SH
& 6, O,
or
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&
C RO
&
c uv
&
&
C HC
&
C SK
&
C CN
&
C SN
]
C MM
&
C RC
£
C BC
&
C TR
&
C GH
&
&
c 1
&
&
&
&
&
&
&
&
&
&
c 12
&
&
&
&
&
&
&
C 20

LN RO

PO RO?
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14,
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17,

18, 6,
23%0/

DATA NMPR /'TIME’,

'PULS*,
*PULS?,
‘PULS?,
'syspee,
'DISS',
tyoLu?,
'DESIY,
*MAXI®,
‘*PUNPY,
'FIXE?*,

DATA NMUF /'NUMB',

"BEED?,
"INLEY,
*DELT®,
"TUBE?,
‘TUBEY,
*FIBEY,
'cAOCY,

DATA NNUV /'GAS ?,

YGAS ',
‘PREC?,
*NUNBY,
'*CONT?,
'PRE-*,
‘HEIG?,

12,

13,

27, 13,

26, 13,

3, 32,

34, 35,

41, 42,

45,
34,
34,
12,
12,

' OF Y,
'E DU,
'E CY',
*E FL',
tENDE?’,
'OLVE?,
'RE 0°,
'GN O,
tMUN 0,
' PLOY,
'D FL',

‘*ER O°*,
' TENY,
*T DEY,
AP,
' DIAY,
* LEN?,
‘R DI,
L2 Py,

*OZON?',
'*FLOW',
YONTA',
'*ER O',
YACTO',
*CONT?,
'HT O°,
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17, 28,

30,
27'

20,

5. 6'

36, 37,

43, 44,

47, 48,

52, 40,

50, 51,

14,

'*PIRSY,
YRATI?®,
'CLE °*,
‘OW R',
'D so¢,
‘D so°*,
'F TA',
'VERF',
'‘YoLU?®,
'W RA',
‘oW R',

‘P TUY,
*PERA',
'LTA ',
'DOWN',
'METE®,
*GTH °,
*AMET®,
'EED °,

‘*E Co?',
' RAT?,
'*CTOR',
‘P ST',
'R AR',
*ACTO?',
‘Fa’,

16, 17,

29, 18,

21, 22,

30, 33,

38, 39,

16,

’ '
'ER ¢
*CONC?

'NC. !
'E ’
' '
'*AGES!
.EA L}
'R AR!?
'STAG!

14
’
14

’
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’
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’
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SUBROUTINE RLCATA

e
(p]

".. 8
[

C THIS SUBBOUTINE REALS ALL INPUT DATA

avs!
LA
'

LOGICAL OFF/.FALSE./ i
N COMMCN /CREAD/ IFIRST, IAST, ICARD(20)
e COMMCN /CTIME/ TIMNE, FTIME, DT
EQUIVALENCE (ICARD1,ICARD(1))
DATA INP, ISE, ISN, IC, IOF, ICL, 1PR, IPL, IRUN/
} A l#npl' IQSEI' '*SN', l*c" ltoyo' '*OL',
(3 Y&DPR', '*PL', YRRUN'/
C READ FIEST CARD. SHOULD BE A DATA CCNTROL CARD
CALL RCARD
C FIRST CARD SHOULD BE *MP OR *SE
IF(ICARD1 .EQ. INMP) GO TO 20
IF(ICARD!1 .EQ. ISE) GO TO 40
WRITE (6,10) IMP, ISE, ICARD

’d

oyt sty

-\

e 10 FORMAT (*O%***#EXPECTING ***,A4,''" OR **'',A4,
N & "', FOQUND '/* 'l|'20Au'llll)

STOP

=N C FOUND *MP, READ MODEL PARAMETERS

o 20 CALL RMODPR

N C RETURN FBOM RMODPE OCCURS ONLY WHEN A DATA CONTROL CARD
- C HAS BEEN ENCOUNTERED. THE NEXT CARD SHOULD BE #SE
N CALL RCABD
. IF (ICARD1 .EQ. ISE) GO TO 40
iy WRITE(6,30) ISE, ICARD

e 30 FORMAT(*O#****+EXPECTING *'',A4,''", FOUND'/
b [ A ¢ ser _20A4,%v )

N STOP

b s
(@]

FOUND *SE, READ STREAM ELEMENT DEFINITICNS
40 CALL RSTEME

5 C RETURN FPROM RSTRME OCCURS ONLY WHEN A DATA CONTROL CARD
- C HAS BEEN ENCOUNTERED. THE NEXT CARD SHOULD BE *SN OR *C
2 CALL RCARD
o IP(ICARD1 .EQ. ISN) GO TO 50
W IFP(ICARD! .EQ. IC) GO TO 60
b WRITE (6,10) ISN, IC, ICARD
A STOP
5 C FOUND *SN, READ DESCRIPTIONS FOR STREANS
) 50 CALL RSTENN
7 C RETURN FROM RSTRMN OCCURS ONLY W4EN A DATA CONTROL CARD
A< C HAS BEBN ENCOUNTERED. THE NEXT CARD SHOULD BE *C
T CALL RCARD

1F (ICARD1 .EQ. IC) GO TO 60
WRITE(6,30) IC, ICARD
STOP
FOUND *C, BEAD CONPIGURATION
60 CALL RCONPG
C RETURN PRON RCONPG IS ONLY WHEN A DATA CONTROL CARD HAS
C BEEN ENCOUMTERED. NEXT CARD SHOULD BE *OF OR *PR

*

Y

e
a

Vg

¢

5 CALL RCARD

) IF (ICARD1 .EQ. IOF) GO TO 70

o

v
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IF(ICARDY .EQ. IPR) GO TO 90
WRITE(6,10) IOF, IPR, ICARD1
€ sTOP
A C POUND *OF, READ OFF-LINE PARAMETER LIST
- 70 CALL OPLINE
o OFF= .TRUE.
A C RETUBN FRCM OFLINE IS CNLY WHEN A DATA CONTROL CARD HAS
e C BEEN ENCOUNTERED. NEXT CARD SHOULD BE *PR, *PL, OR *RUN
CALL RCARD
IF(ICARCY .EQ. IPR) GO TO 90
" IF (ICARD1 .EC. IPL) GO TO 100
e I1F (ICAKD1 .EQ. IRUN) GO T0 120
. WRITE(6,80) IPR, IPL, IRUN, ICARD
80 FPORMAT (*O%**#sEXPECTING **' A4, Y, "09 _AQh, vee, QR 917
& A4,''*, FOUND'/" ll!'ZDAQ,OIOO)
STOP
FOUND *PR, READ FRINT SPECIFICATIONS
90 CALL RPRINT
RETURN PROM RPRINT IS ONLY WHEN A DATA CONTROL CARD HAS
C BEEN ENCOUNTERED. IT SHOULD BE #PL, *OL, OR *RUN
CALL RCARD
IF(ICARD! .EQ. IPL) GG TO 100
IF (ICARD1 .EQ. IOL) GO TO 110
IF(ICARD? .EQ. IRUN) GO TO 120
WRITE(6,80) IEFL, 1CL, IRUN, ICARD
STOP
C POOND *PL, READ PLOT SPECIFICATIONS
My 100 CALL PLOT?
T C RETUEN FROM PLOT1 IS CNLY WHEN A DATA CONTKOL CARD HAS
oy C BEEN ENCOUNTERED. NEXT CARD SHOULD BE *OL OR *RUN
e, CALL RCARD
s IF (ICARD1 .EQ. IOL) GO TC 110
IF(ICARD1 .EQ. IRUN) GO TO 120
WRITE(6,10) ICL, IRUN, ICARD
STOP
C FOUND *Q0L, LOCATE THE OLD VALUES
110 CALL OLDVAL
GO TO 150
C FOURD *RUN, READ RUN PARAMEIERS
120 READ(5,130) FTINE, DT
130 FPORMAT (2F10.0)
I1F (OFP) WRITE(8,140) FTIME, DT
140 FORMAT (AW)
150 WRITE(6,160) FTIME, DT
160 FORMAT (* 1*RON RUN TIME PARAMETERS'/
& 6X,'TOTAL TIME FOR RUN',G12.4,° HRS'/6X,
& 'INTEGRATION STEP SIZE',G12.4,' HRS')
CALL RCARD
RETURN
END
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SUBROUTINE RMCLER

READ MODEL PARAMETEES

REAL MVHOCL, MWOCL, L, NF, NTIPIDT, KLA, KHENRY, KRATE,
& KDCCHMP
REAL*8 VHC, ALPHC, RDHC, KEQHC, CAOCL2, DTHC
LABELED COMMON STATEMENTS FOR REVERSE-OSMOSIS UNITS
CCHMCN /PARMEC/ L, RO, R1, DF, TOLMX, TOLMN, KWRITE,
& NSTEPS
COMMON /ROFIT ,/ AKA, AKC, ERE, APIRO, EPIRO, GAMARO,
& BRC, CRO, NF, ROKE
COMMON /ROPARM/ TEMP, VISC, DELP, RHOB, MCNT2, MCNT3,
& JWRITE
LABELED COMMON STATEMENTS FOR OZONE UNITS
COMMON /UVFIT/ KHENRY, ECOZ, ETOC, KRATE, KDCo#NP,

& EOZD, UVEFCT, ALPHA, EN, QPRIME
COMMCN SJUVPARM/ CAREA, PARFEA, UVH, UVRHO, UVPRES,
& UVTENP, NWRITE

CONMNMON /GASLAW/ RGAS
LABELED COMMON STATEMENTS FOR ULTRAFILTRATION MODULE
COMMON /UFPARB/ PLENUF, DTUBUF, NTUF, JPUFSS, JWUFSS
COMMON /PARMUF,/ TEMPUF, VISCUF, DENBUF, ZREOUF, DROPUF
COMMCN /UFSAV1/ NSTPOF
COMMON /UFFIT / G1UF, G20F, GINFUF, C1, C2, CINF
LABELED CONMON STATEMENTS FOR TUBULAR R-O MODULE
COMMON /TRPARNM/ PLENTR, DTUBTR, NTTR, JPTRSS, JWIRSS
COMNON /PABRMTR/ TEMPTR, VISCTR, DENBTR, ZEROTR, DROPTR
COMNON /TRF1IT/ G1TR, G2TR, GINFTR, APITR, BTR, CTR,
& DCXTR, ACAXTR, BLAXTR, CDAXTR
LABELED COMMON STATEMENTS FOR GEL-MODEL
COMNON /GHPARM, PLENGHM, DTUBGH, NTGM, JPGNSS, JWGHSS
CONNCN /PARMGN/ TEMPGM, VISCGM, DENBGM, ZFROGM, DROPGH
CONMON /GMFIT/ GANMA, APIGM, BPIGM, BGM, CGN, RATIO,
& DCXGM, ADAXGM, BDAXGM, CDAXGM, CAGEL
LABELED COMMON STATEMENTS FOR HYPOCHLORINATION MODULE
COMMON /HCPARNM/ VHC, ALPHC, RDHC, KEQHC, CAOCL2,
6 JWRTHC, MCHNTHC
CCHMACN /HCSAV2/ MWHOCL, MWOCL, HCRHO
DIMENSION JCARD(20), IUNIT (8)
NAMELIST /NAMERO/ TOLMX, TOLMN, ACNT2, MCNT3, KWRITE,
AKA, AKC, ERE, APIRO, BPIRO, GAMARO,
BRO, CRO, NF, ROKE, JWRITE, NSTEPS,
VISC, RHOB
NAMELIST /NAMEUY/ KHENRY, ECOZ, ETOC, KRATE, KDCOMNP,
EOZD, UVEFCT, ALPHA, EN, QPRINE,
NWRITE, RGAS, UVRHO
BAMELIST /NAMEUF/ JPUFSS, JWUPSS, G1UF, G2OF, GINFUF,
c1l, C2, CINF, VISCUF, DENBUF
RAMELIST /NAMETIR/ JPIRSS, JWTRSS, G1TR, G2TR, GINFTR,
APITR, BTR, CTR, DCXTR, ADAXTR,
BDAXTR, CDAXTR, VISCTR, DENBTR
NAMELIST /NAMEGM/ JPGHNSS, JHWGHSS, GAMNMA, APIGH, BPIGH,

S N~ ™ L [ I -
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& BGM, CGM, RATIO, DCXGM, ADAXGAH,

& BCAXGM, CDAXGM, CAGEL, VISCGM, DENBGHN
NAMELIST /NAMEHC,/ ALPHC, RDHC, REQHC, JWRTHC,

& MCNTHC, MWHOCL, MWOCL, HCRHO

DATA IUNIT/'NGNE®, %%, ¢UF*, *TR?, "GN, KO",'UV', HC/
10 READ (5,20) ICARD,JCARD
20 FORNMAT (A4, T1,20A4)
pC 30 I1=1,8
1F (ICARD .EQ. IONIT(I))
& GO To (10, 110, 5¢C, 60, 70, 80, 90, 100),I
NONE * UP TR GM RO UV  KC
30 CONTINDE
WRITE(6,40) JCARD
40 FORMAT('THE FOLLOWING CARD IS INVALID AND WILL BE',
& ' 1GNORED'/1X,20A4)
GO TO 10
50 READ(S,NAMEUF)
GO TO 10
60 READ(5,NAMETR)
GO TOo 10
70 READ (5, NAMEGH)
GO TO 10
80 READ(5,NAMERO)
GG TO 10
90 READ(5,NAMEUV)
GO TO 10
100 READ(5,NAMEHC)
GO TO 10
110 WRITE(6, 120)
120 FOBMAT (* 1#MP MODEL PARAMETERS'/)

WRITE (6, 130)
130 FORNAT (*OMODEL PARAMETERS FOR ULTRAFILTRATION MODULE')

ICARD=0
WRITE(6,140) JPUFSS, G1UF, G2UF, GINFUF, JWUFSS, C1,
& C2, CINF, VISCUF, DENBOF
140 FORMAT (*0 JPUFSS=',13,' G10F=*,G12.5,"' G2yr=',
& G12.5,' GINFUP=',G12.5/* JWUFSS=',I3,°* ci=v,
& 612.5," c2=',G612.5," CINF=',G12.5/12X,
& ' VISCUF=',G12.5,* DENBUF=',G612.5)

WRITE (6, 150)
150 POBMAT (*OMODEL PARAMETERS FOR TUEBULAR RO MODULE')
WRITE(6,160) JPTRSS, GITR, G2TR, GINFTR,JWTRSS,ADAXTR,

& BDAXTR, CDAXTR, APITR, BTR, CTR, DCITR,
& VISCTR, DENBTR
160 PORMAT (°0 JPTRSS=',13,' G1TR=',G12.5,"' G2TR=',

£€G12.5,' GINFTR=',G12.5/' JWHTRSS=',13,"' ADAXTR=',
& 612.5,' BDAXTR=',G612.5,' CDAXTR=',G12.5/15X,

€& 'APITR=',G12.5,"' BTR=',G12.5," CTR=',G12.5/
& 15X,'DCXTR=',G12.5,' VISCTR=',G12.5,' DENBTR=',

& G12.5)

WRITE(6,170)

90
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i, i:
N
& 170 FORMAT (*OMODEL PARAMEIERS FOR GEL-MODEL')
N WRITE(6,180) JPGMSS, GAMMA, APIGM, BPIGM, JWGHSS, BGHM,
(: & CGM, RATIO, DCXGM, ADAXGM, BDAXGM,
PN & CDAXGM, CAGEL, VISCGM, DENBGM
o 180 PORMAT('0 JPGMSS=',13,* GAMMA=',G12.5," APIGH=",
o & G12.5,° BPIGM=',G12.5/%' JWGNSS=',1I3,* BGH=",
N £ G12.5,° CGM=',G612.5,' RATIO=',G12.5/15X,
o\ & 'DCXGM=',G12.5,' ADAXGM=',G12.5,' BDAXGM=',G12.5/
& 14X,°'CLAXGM=',G12.5,' CAGEL=',612.5,' VISCGM=',
- & G12.5/14X,'DENBGN=",G12.5)
gL ¢
- WRITE(6, 190)
oo 130 FORMAT (*OMODEL PARAMETERS FOR REVERSE OSMOSIS')
- WRITE(6,200) JRRITE, TOLMX, TOLMN, AKA, MCNT2, AKC,
. [ ERE, APIRO, MCNT3, BPIRO, GAMARO, BEKO,
$: & NSTEPS, CRO, NF, ROKE, KWRITE, VISC,
PN & RHOB
> 200 FORMAT('0 JWRITE=',13,? TOLMX=*,G12.5," TOLNN="',
oy € G12.5," ARA="',G12.5/" MCNT2=',13," AKC="',
N £G12.5,° BRE=',G612.5,' APIRO=',G12.5/* MCNT3=',
& 13,' BPIRO=',G12.5,' GAMARO=',G12.5," BRO="',
&€ G12.5/' NSTEES=4,13,! CRO=',G12.5," NF=?,
& G12.5," ROKE=',G12.5/' KWRITE=',13,° vIsC=',
& G12.5,° RHOB=',G12.5)
c
o WRITE (6,210)
Q 210 PORMAT (* OMODEL PARAMETERS FOR THE UV/O0ZONATIGN UNIT')
e WRITE(6,220) NWRITE, KHENRY, BECOZ, ETOC, KRATE,
o & KLCOMP, EOZD, UVEFPCT, ALPHA, EN, QPRINE,
o & RGAS, UVRHO
% 220 FORMAT('0 NWRITE=',13,' KHENRY=',G12.5," ECO2="',
~ & G12.5," ETOC=',G12.5/15X,'KRATE=",G12.5,
€ * KDCONP=',G12.5,! EOZD=',G12.5/1uX,* UVEPCT=?,
N & G12.5,° ALPHA=',612.5," EN=Y,G12.5/14X,
:0:: & .QPRIHB="G12.5" RGA5='¢G12-5,' UVRHO="G12.S)
o C
~5 WRITE(6,230)
o 230 PORMAT (*OMODEL PARAMETERS FOR HYPOCHLORINATION UNITY)
o WRITE(6,240) JWRTHC, ALPHC, BRDHC, HCRHO, MCNTHC,
2 & KEQHC, CAOCL2, MWHOCL, NWOCL
Ly 240 FORMAT('0 JWRTHC=',I3,' ALPHC=',G12.5," RDHC=",
e & G12.5," BCRHO=',G12.5/' MCNTHC=',1I3,* KEQHC="*,
he & G12.5,' CAOCL2=',G12.5,' MWHOCL=',G12.5/15X,
N & 'HWOCL=',G12.5)
T RETURN
f' END
5
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e SUBROUTINE RSTRNE
(v c
o C READ STREAM ELEMENT DEFINITIONS ‘
R‘\h: c
ﬁz; COMMON STREAM(4,100), ICCNFG(8,100), PAR(500), NPAR,
i & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
e CCMMCN /CREAD/ IFIRST, IAST, ICARC(20)
: COMNON /NAMES/ IUNITS (12), NMSTRM (5, 100),
S, & NMEQPT(S,100) , NMELE (5,5), ISUNIT(S),
e & NMPAR(6,75), IDNMPK (150)
N DIMENSICN L (5)
o WRITE (€, 10)
oo 10 FORMAT (' 1*SE STREAM ELEMENT DEPINITIONS'//6X,
. ¢ 'ELEMENT  UNITS DESCRIPTION')
o 20 READ(5,30) IFIRST, NS1, K, L, ICARD
';:_-". 30 FoRHAT(A‘.Iu'1x,A“,5x,5A“'T1'20A“)
it C IP FIRST CHABATER IS "#%“ THEN A CONTROL CARD WAS FOUND
D 1F (IFIRST .EQ. IAST) RETURN
o IF(NS1 .LE. 0 .OR. NS1 .GI. 5) GO TO 60
- ISUNIT(NS1)= K
e
1 DO 40 J= 1,5
o 40 NBMELE(NS1,J)= L(J)
Sy WRITE(6,50) NS1, ISUNIT(NS1), (NMELE(NS1,J), J= 1,5)
hay 50 FORMAT (1X,19,6X,A4,5X,10A4)
A 60 WRITE(6,70) NS1, ICARD
e 70 FORMAT ("0¢*$#¢ELENENT',I3,' ENCOUNTERED. WE ONLY HAVE
L ON & ' BLEMENTS ONE THROUGH FIVE (1-5). CHECK DATA CARD.'/
:\.::‘ € ' V00 _20A4,0000)
"‘-,"/: ST0P
', END
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{Sﬁ. SUBEOUTINE RSTRMN
3 of
Y C READ THE NAMES OF THE STREAMS
. C

§5$ COMMON /CREAD/ IFIRST, IAST, ICARD(20)
7oA COMMON /NAMES, IUNITS(12), NMSTRM(5,100),
I & NNECPT (5, 100), NMELE(5,5), ISUNIT(5),

- & NMPAR (6,75), IDNMPR (150)

5 DIMENSION L(5)

o WRITE(6,10)
) 10 FORMAT (' 1#SN STREAM NAMES®//6X,'STREAN ',
o & "DESCRIPTION')
: 20 READ(S,30) IFIRST, N, L, ICARD
' 30 FORMAT (A1,16,5X,5A4,T1,20A4)

A C IF FIRST CHARACTER IS "*" THEN A CONTROL CARD WAS READ

IF(IFIRST .EQ. IAST) RETURN
pc 40 J=1,5

- 40 NASTRM (J,N)= L (J)
< WRITE(6,50) N, (NNSTRM (J,N) ,J=1,5)
, 50 FOBMAT(1X,I9,5X,5A4)

= GO TO 20
o END
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NN SUBROUTINE RCONFG
3 C
E¢¢ C READ PLANT CONFIGURATION
o C
~ INTEGER NPAREQ(18), NPARIC(18), EQNAME (4,18)
=3 COMMON STREAN(4,100), ICONFG(8,100), PAR(500), NPaR,
Y & NCALL, IUNIT, NFATER, NS, NEQ, DESC(S)
CCMNON /CREAD/ IFIRST, IAST, ICARL{20)
N COMMCN /NAMES/ IUNITS (12), NMSTRM (S5, 100),
e & NMBQPT (5, 100) , NMELE(S5,5), ISUNIT(5),
s & NMPAR (6,75), IDNMPR (150)
N C NPAREQ(I) IS THE NUMBER OF PARAMETERS FOR PQUIPMENT TYPE
a7 DATA NPAREQ/4, 6, 1, 1, 7, 0, 6, 6, 12, 8, 0, 7, 4, S,
X & 5, 6, 6, 6/
o~ C NPARIC(I) IS THE NUMBEE OF INITIAL CONDITIONS FOR
P C  EQUIPMENT TYPE I
T DATA NPARIC/4, 4, 6%0, 3, 5,8%0/
e DATA EQNAME/'MIXE', 'C TA', 'NK °*, ! ',
5ot & 'OVER', 'FLOW', ' TAN', 'k ',
& 'pymMpe, ¢ ', ! ', ',
o~ € 'STRE', *AM S', *PLIT', 'TER °*,
i & *'STRE', 'AM S', 'OURC', 'E °*,
o & *SIRE', 'AM N', 'IXER', ! ',
0, & 'ULTRY, °*AFIL', *TRAT', ‘ION °,
" [ *REVE', 'RSE ', '0OSMO', 'SIS ¢,
. & 'gv-0', "ZONE', * UNI', °'T v,
N & 'HYPO', °'CHLO', 'RINA', 'TIONY,
X & 'STRE', 'AM S*, 'INK ¢, ! v,
25 € *PID ', 'CONT', 'ROLL', 'ER °,
s':-\.' g *SENS?', 'OR ', ', ! ',
W & YMANI', 'POULA', 'TOR *, °® ',
g *RATI', 'C CO', 'NTRO', 'LLER',
N & *BINA', *BRY C', 'ONTR', °‘OLER®,
e & '*TUBU*, "LAR ', 'R-0 ', ! ',
i & 'GEL *, 'MODE', 'L UE', °* v/
oy WRITE (6,10)
e 10 FORMAT (* 1*C PLANT CONFIGURATION'))
~ NCALL= -1
- NPAR= 1
£~ I0KIT=1
A 20 BEAD(S5,30) IFIRST, (ICONFG (I,IUNIT), I= 1,7),
X & (MMEQPT (I, IUNIT), I= 1,5), ICARD, DESC
oy 30 FORMAT (A1,I4,3X,A2,5I5,5X,5A4,T1,20A4,T41,5A4)
oy C IF FPIRST CHARACTER IS “#n THEN A CONTROL CARD WAS FOUND
- IF(IFIRST .EC. IAST) GO 10 60
¢ NEQ= IUNIT
0y ICONPG(8,IUNIT) = NPAR
e C CHANGE ECUIPMENT TYPE ALPHA CODE TO NUMERIC CODE
Wy CALL EGCODE
C C
P C READ AND WRITE THE PARAMETERS ASSOCIATED WITH EACH UNIT OF
v c ECUIFMENT.
~ C




e C READ INBUT LCATA

o ITYPE= ICONFG(2,I1UNIT)
l: NPARS= NPAREQ (ITYPF)
Ty NPARF= NPAR ¢ NPARS - 1

T IF (NPARS .EQ. 0) NPARP= NPAR

Oy READ(S,40) (PAR({I), I= NPAR, NPARF)
" 40 FORMAT (8E10.9)
e WRITE(6,50) ICONFG(1,IUNIT), (EQNAME(J,1TYPE), J= 1, &

g DESC

N 50 FORMAT('OUNIT NC.',15,10X,4A4,4X,10A4)
o C CALL PRNTEC TO PRINT OUT STREAM INPUTS AND OUTPUTS FOR
e c UNIT IONIT
! CALL PRRTEC(NPARIC(ITYPE))

o WRITE (6,30)
\ NPAR= NPAR + NPARS

Yo IONIT= IONIT + 1
::.:- GC TC 20

e 60 NEQ= IONIT - 1
N CALL STRNM2

> IF (NFATER .EC. 0) KRETURN
. WRITE(6,70) NFATER
w 70 PORMAT ('Qs=*s%29 15 ¢ FATAL ERRORS. RUN TERMINATED.')
::\: STOP
:;}.. END
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(ﬁ SUBROUTINE STRM1

: C
ot C THIS SUBROUTINE IS USED TO MAKE SURE THAT NO STREAM HAS
~{ C BEEN GIVEN A MOLTIFLE DEFINITION

. (o
&~ COMMON STREAM (4,100), ICONFG(8,100), PAR(500), NPAR,
N & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)

COMMON /CHECK/ JSCK (2, 100)

e DO 110 1= 3,7

o K= ICONEG(I,IUNIT)

g IF (K) 60, 120, 10

o C AN INPUT STREAM

2 10 IF(JISCK(1,K)) 40, 20, 30

. 20 JSCK(1,K)= ICCNFG(1,IUNIT)

- GO TO 110

7;2 30 JSCK(1,K) = -JSCK (1,K)

oY 40 L= IABS (JSCK(1,K))

7 WRITE(6,50) K, L

-5 50 FCRMAT (6X,'#*+*#*STREAM',I4," HAS BEEN PREVIOUSLY',
§ & ' DEPINED AS AN INPUT TO UNIT', I4)

., NFATER= NFATER + 1

- GO TO 110

o C AN OUTPUT STREAN

":'\ 60 = -K

e IP(JSCK{2,K)) 90, 70, 80

. 70 JSCK(2,K)= ICONFG(1,IUNIT)

N GO TO 110

e 80 JSr (2,K) = —-JSCK (2,K)

- 90 L= IABS (JSCK(2,K))

o [E(6,100) K, L

gl 100 . MAT (6X,*****+STREAM',I4,' HAS BEEN PREVIOUSLY',

€ * DEFINED AS AN OUTPUT FROM ONIT',I4)
RFATER= NFATER + )

110 CONTINUE

120 RETURNW
END

£
ol
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SUBROOTINE STRM2
c
C PRINT STREAM SUMMARY
c
COMMON STREAM (4,100), ICONFG (8, 100), PAR(500), NPAR,
& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
CCMMCN /CHECK/ JSCK (2,100)
WRITE (6,10)
10 PORMAT (' 1STREAM SUMMARY'/6X,'STREAM!,5X,*SOURCES',
& 5X,*DESTINATICN')
DC 210 I= 1,100
K= JSCK({1,I)
L= JSCK(2,1)
IF (L) 20, 90, 140
20 L= -L
1F(X) 30, 50, 70
30 K= =K
WRITE(6,40) I, L, K
40 PORMAT (1X,I9,111,I14,5%X,'SOUKCE AND DESTINATION',
& * MULTIPLE DEFINITION?')
NFATER= NPATER + 1
GO TO 210
50 WRITE(6,60) I, L, K
60 FORMAT(1X,I9,I11,I14,5X, 'SOURCE MOLTIPLE DEFINITIONS'/
& ' NO DESTINATION DEFINITION')
NPATER= NPATER + 1
GG TO 210
70 WRITE(6,80) I, L, K
80 FPORMAT (1X,I9,I11,I14,5X,SOURCE MULTIPLE DEFINITIONS')
NFATER= NFATER + 1
GO TO 210
90 IF(K) 100, 210, 120
100 K= -K
WRITE(6,110) I, L, K
110 FORMAT (1X,I9,I11,I14,5X,*NO SOURCE DEFINITION/NULTIPLE
1DEFINITIONH')
BFATER= NFATER + 1
GG TO 210
120 WRITE(6,130) I, L, K
130 FORMAT (1X,19,111,I14,5X,'NO SOURCE DEFINITION')
NPATER= NPATER + 1
GO TO 210
140 1F(K) 150, 170, 190
150 K= -K
¥RITE(6,160) I, L, K
160 PORMAT (1X,19,I11,114,5X, 'MULTIPLE DESTINATION DEPINITI
NPATER= NFATER ¢ 1
GO TC 210
170 WRITE(6,180) I, L, K
180 PORMAT(1X,I9,111,I14,5X,"NC DESTINATION DEFINITION')
NPATER= NFATER + 1
GO TO 210
190 WRITE(6,200) I, L, K
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SUBROUTINE EQCCDE

CHANGE EQUIPMENT TYPE ALPHA CODE TO NUMBERIC CODE

COMMON STREAM (4,100), ICONPG (8, 100), PAR(500), NPAR,
& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
ECUIPMENT CODE ARKAY
DIMENSION ICODE (18)
DATA ICODE /'MT', 'OT', 'P ', 'SP', 'SQ', 'SM', 'UFe,
& *RO', 'UV', 'HC', 'SK', 'CN','SN',*MN',
& *RC', 'BC', 'TR', 'GM'/
GET EQUIPNENT CODE FPOR UNIT "IUNIT®
M= ICONFG(2,IUNIT)
LOCK IN ECUIPMENT CODE TABLF
po 10 I=1,18
IF(M .EQ. ICODE(I)) GO TO 40
10 CCNTINUE
WE DID NOT FPIND CODE IN TABLE
WRITE(6,20) 4, (ICCNFG(I,IUNIT), I= 1,7)
20 PORMAT (/' *##+*EQUIPMENT CODE ',A2,' IN POLLOWING',
& * ENTRY IS ILLEGAL'/11X,I5,3X,A2,5I5/)
NFATER= NFATER + 1
ICCNFG(2,IUNIT)= 0
READ (5,30) A
30 FORMAT (A4)
RETURN
SET EQUIPMENT TYPE EQUAL TO NUMBERIC CODE
40 ICONFG(2,IUNIT)= I
RETURN
END
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SUBROUTINE PRNTEQ (NINCON)
PRINT THE SPECIFICATICNS

CCMMGN STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,

& NCALL ,IUNIT, NFATER, NS, NFQ, DESC(S)

COMMON /NAMES,; IUNITS(12), NMSTRM(5,100),
& NMEQPT (5, 100) , NMELE(5,5), ISUNIT(S),
g NMPAR (6,75), IDNMPR(150)

INTEGER ISTR (5), OSTR (5)
STREAM CONTAINS THE INFORMATICN FOR EACH STREAN
ICONFG CONTAINS THE INFORMATION FOR EACH UNIT
NINCON IS THE NUMBER OF INITIAL CONDITIONS
NINSTE IS THE NUMBER OF INPUT STREAMS (MAX= 5)
NCTSTR IS THE NUMBER OF OUTPUT STREAMS (MAX= 5)
NINSTR= 0
NOTSTR= 0
POSITIONS 3 THRU 7 OF ICCNFG CONTAIN THE STREAM NUMBERS
TO/FRCHM UNIT LUNIT
po 30 I=3,7
J= ICONFG(I,IUNIT)
1F (J) 10, 30, 20
10 NOTSTR= NOTSTR + 1
OSTR(NOTSTR) = -J
GG TO 30
20 NINSTR= NINSTR + 1
ISTR(NINSTR) = J
30 CONTINUE
WRITE (6, 40)
40 PORMAT (6X,*INPUT STREAMS')
IF (NINSTR .NE. 0) GO TO 60
WRITE (6,50)
50 FORMAT (11X, *NONE')
GO TO 90
60 DO 70 I= 1,NINSTR
J= ISTR (I)
70 WRITE(6,80) J, (NNSTEM(K,J), K= 1,5)
80 FORMAT (1X,I15,5X,5A4)
90 WRITE(6, 100)
100 FCRMAT (6X,'OUTBUT STREAMS')
IP (NCTSTR .NE. 0) GO TO 110
WRITE (6,50)
GO TO 130
110 DO 120 I=1,NCTSTR
J= OSTR (I)
120 WRITE(6,80) J, (NMSTRM(K,J), K=1,5)
CALL STBM1 TO CHECK POR CONSISTANCY
130 CALL STRM1
POSITION 2 OF ICONFG CONTAINS THE TYPE CODE POE UNIT IUNI
KEQ= ICONFG(2,I0NIT)
K= 1
140 IF (IDNNPR(K) .EQ. KEQ) GO TO 150
K= K ¢ 2 + IDNNPR (K¢1)

100




150

160

170
180

190

200
210
220

230

240

GC TO 140
KPAR= IDNMPR (K+1)
K= K + 2

L= NPAR
WRITE (6,160)
FORMAT{ 6X,'INITIAL CCNDITIONS®)
IF (NINCON .NE. 0) GC TO 180
WRITE (6,170)
FORMAT( 11X, *NCNEY)
GC TO 210
DO 200 I=1,NINCCN
J= IDNMPR (K)
= KMPAR(6,J)
WRITE (6,190) (NMEAR(IA,J), IA=1,5), PAR(L), IUNITS (M)
PORNAT (11X,5A4,G14.5, 1X,A4)
L=1L + 1
K= K ¢ 1
WRITE (6,220)
FORMAT ( 6X,'DESIGN PARAMETERS')
NDESEB= KPAR - NINCCW
IF (NDESPR .NE. 0} GO TO 230
WRITE(6, 170)
BETUEN
DO 240 I=1,NDESPR
J= IDNMPR (K)
M= NMPAR(6,J)
WRITE(6,190) (NMPAR(IA,J), IA=1,5), PAB(L), IUNITS(N)

L=L ¢+ 1
K= K + 1
BETUBN

END
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SUBFOUTINE RPRINT

READ PRINT SPECIFICATICNS

Q0N

COMMON /CPRINT, TPRINT, NPELE, KPRINT(2,10)
WRITE(6, 10)

10 PORMAT ('1*PR PEKINT SPECIFICATIONS'/)
READ (5,20) TPRINT

20 FORMAT(G10.5)
WRITE(6,30) TPRINT

30 FORNAT ('O PRINT INTERVAL IS ',G13.5,' HRS'))
CALL SPEC(KPRINT,NPELE,10)
BRETOERN

END
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SUBROUTINE OFLINE
c
C SETUP THE LABEL ON THE OFP-LINZ STARAGE DEVICE (UNIT 8)
C
COMMON /CTIME/ TIME, FTIME, DT
COMMON /COFLN/ NPL, LIST (2,50), LABLE, TOFLN,
£ MESSAG (20) , 1EOF, IHEAD
WRITE (6 ,10)
10 FORMAT (* 1#0L OFF-LINF PARAMETER LIST')
READ(5,20) MESSAG
20 FCRMAT (20 A4)
WRITE (6,30) MESSAG
30 FORMAT(' THE HEADER MESSAGE FOR THE DATA SET IS'/
& 1X,20A4)
READ (5,40) LABLE
40 FORMAT (I2)
IF (LABLE .LT. 0) GO TO 60
WRITE (6,50)
50 FORMAT (* THE NEW VALUES WILL BE ADDED TO THE END°',
& ' OF THE DATA SETI.')
GO TO 80
60 WRITE(6,70)
70 FORMAT (' THE DATA SET WILL BE CLEARED, AND THE NEW®,
& ' VALUES SAVED FRCM THE BEGINNING.')
80 READ(5,90) TOFLN
90 PORMAT(F10.3)
WRITE(6,100) TCFLN
100 FORMAT (* THE SAVE INTERVAL IS',G12.4)
CALL SPEC(LIST,NPL,50)

WRITE LABEL ON OFF-LINE STORAGE DEVICE ON UNIT 8

IF LABLE .LT. O, TEEN CLEAR CATA SET
IF LABLE .GE. O, THEN ADD AT THE END OF THE DATA SET
REWIND 8
IF(LABLE .1T. 0) GO TO 120
110 READ (8,150,END=130) ICODE
IF (ICODE .NE. IEOF) GO TO 110
BACKSPACE 8
C WRITE HEADER
120 WRITE(8,150) IHEAD, MESSAG, TOFLN, NPL,
& (LIST(1,I), LIST(2,I), I= 1, NPL)
RETURN
130 WRITE (6,140)
140 PORNAT(' #¢#*%+ END~OF-FILE OCCURRED WHILE SETTING',
& ' UP THE OFF-LINE STORAGE HEADER #%%%%v)
STOP
150 PORMAT (AY)
END
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SUBROUTINE PLOT1
READ IN THE PARAMETERS/ELEMENTS TO PLOT

COMMON /CPLOT/ NPLOT, TPLOT, KPLOT, PLTDTA (100,10),
& JPSTEM (2, 10)
READ(S, 10) TPLOT
10 FORMAT(F10.0)
WRITE (6,20)
20 FORMAT (' 1*PL PLOT VARIABLES')
WRITE(6,30) TPIOT
30 FORMAT (/6X, 'ELOT DURATION', F7.2, ' HRS'/)
CALL SPEC (JPSTRM,NPLOT, 10)
RETURN
END

104

T N .'-.. ..._-- -

8

YNy \'.\."-'..‘- ® N W \-:;‘:l



:‘.,f
’

g
R

e

’,
s e
..

f. {A ’l,'l
s

y -

By (]
’ﬁﬁﬂﬁﬁ.
AP

R IR
dq - "lu‘ g
K",

ORS
L)

.'. 4, 1, A
L’l.,\.‘.': i

s

.qka.

Y
L.

& JEIFN A

pr—
ANy

v
O

I'. .

o L

SR A

P
o

o

aoan

SUBROUTINE OLDVAL

LOCATE THE DESIRELC SET OF OLD VALUES

COMMON /COFLN/ NPL, LIST(2,50),

& MESSAG (20), IFOF,

COMMON /CTIME/ TIME, PTIME, DT
DIMENSION MSG (20)
WRITE (6, 1)

IABLE, TOFLN,
IHEAD

1 FORHAT (*1*0L OLL VALUES SPECIFICATIONS?)

READ THE UNIQUE MESSAGE
READ (5, 10) MESSAG
10 FORMAT (20 A4)
WRITE (6,20) MESSAG
20 FORMAT (1X,20A4)
REWIND 8
FIND HEADER
30 READ(8,70,END=50) ICODE
IF(ICODE .EQ. IEOF) GO TO 50
IF (ICODE .NE. IHEAL) GO TO 30
READ (8,70,END=50) MSG
DO 40 I=1,20
IF (ASG(I) .NE. MESSAG(I)) GO TO
40 CONTINUE

READ(8,70,END=50) TOFLN, NPL, (LIST(!,I), LIST(2,I),

30

& I= 1, NPL), FTIME, DT

NEL= -NPL
RETURN

50 WRITE(6,60) MESSAG

60 PORMAT (* THE RUN FOR'/1X,20A4/*
STOP

70 FCRMAT (A4)
END

105
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i* SUBROUTINE SAVEIT

: C
e C SAVE VALUES CN OFF-LINE STORAGF DEVICE, UNIT 8
"~ c
N COMMON /COFLN/ NPL, LIST(2,50), LABLE, TOFLN,
o & MESSAG (20), IEOF, IHEAD

o CCYMON STREAM(4,100), ICONPG(8,100), PAR(500), NPAR,

& NCALL, IUNIT, NFATER, NS, NEy, DFSC(5)

R COMMON /CTIME/ TINE, FTIME, DT

& DINENSICN P(50)

- 1F (NPL .LE. 0) RETURN

. DO 20 I= 1, NPL

- K= LIST(1,I)

. L= LIST (2,I)

£ 1F(K .GT. 0) GO TO 10
o P(I)= PAR(L)

o GO TO 20

o 10 P (I)= STREAM(L,K)

- - 20 CONTINUE

WRITE(8,30) TIME, (P(I),I=1,NPL)

~ 30 FORMAT (AU)

- RETORN

o END
\
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SUBROUTINE GETIT

RETREIVE THE VALUES THAT WERE SAVED ON THE OFF-LINE
STCRAGE LEVICE, UNIT 8, BY “SAVEIT" IN A PREVICUS RUN

COMMON /COFLNy/ NPL, LIST(2,50), IABLE, TOFLN,

& MESSAG (20) , IEOF, IHEAD
COMMCN STREAM(4,100), ICONFG(8,100), PAR (500), NPAR,
& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)

COMMON /CTIME/ TIME, FTIME, DT
DIMERSICN B(50)
KPL= -NPL
READ (8,30) TINE, (P(J),J=1,KPL)
DO 20 I= 1, KPL
K= LIST (1,I)
L= LIST(2,I)
IF(K .GT. 0) GO T0 10
PAR(L)= P(I)
GO TO 20
10 STREAM(L,K)= P (I)
20 CORTINUE
30 PORMAT (A4)
RETURN
END
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SUBROUTINE PRINT
THIS SUBROUTINE IS USED TO PRINT OUT THE SPECIFIED VALUES

COMMON STREAM (4,100), ICCNFG(3,100), PAR(500), NPAR,
3 NCALL, IOUNIT, NFATER, NS, NEQ, DESC(5)
CCMMGON /CPRINT/ TPEINT, NPELE, KPRINT (2, 10)
COMMON /CTIME/ TIME, FTIME, DT
DIMENSION P(10), NME1(10), NME2(10), I1{(10), I2(10),
& NAME1(2), NAME2(2)
DATA NANME1, NAME2/'STEM!, *UNIT', 'ELE.', 'PAR.'/
DATA LINE, NLINES,/0, S1/
PRINT HEADINGS WEEN LINE = 0
IF (LINE .GT. 0) GO TO 50
DO 20 I= 1, NPELE
K= KPRINT(1,1I)
L= KPRINT (2,1I)

J= 1
IF(K .GT. 0) GC TO 10

J= 2

K= -K

L= L - ICCNFG(8,K) + 1
K= ICONEG (1,K)
10 NME1(I)= NANE1(J)
FME2(I) = NAME2(J)
I1(I)= K
20 I2(I)=1L
WRITE(6,30) (NME1(I), I1(I), I= 1, NPELE)
30 FORNAT(*1',10X,10 (4X,Al4, I4))
WRITE (6 ,40) (NME2(I), I2(I), I= 1, NPELE)
40 FORMAT (6X,'TIME *,10(4X,A4,14))
LINE= BLINES
RETRIEVE ELEMENTS
50 DO 70 I= 1, NPELE
K= KPRINT(1,I)
= KPRINT (2,1)
IF(K .GT. 0) GO TO 60
P(I)= PAR(L)
GG TO 70
60 P (I)= STREAM(L,K)
70 CORTINUE
WRITE(6,80) TIME, (P(I), I= 1, NPELE)
80 FORMAT (1X,G10.3, 10612. 3)
LINE= LINE - 1
RETURN
END
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SUBROUTINF PLOT2
c
C SAVE THE VALUES OP THE FARAMETERS/ELEMENTS POk PLOTTING
C
COMMON STREAM (4,100), 1CONFG(8,100), PAR(500), NPAR,

& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
CCHMHMCN /CPLOT/ NPLOT, TPLOT, KPLOT, PLTDTA (100,10),
& JPSTRM (2, 10)

COMMON /CTIME/ TIME, FTIME, DT
IF (KELOT .EQ. 100) RETURN
10 CONTINUE
KPLOT= KPLOT + 1
DO 30 I= 1, NELOT
K= JPSTRM (1,I)
L= JPSTRN (2,I)
IF (K .GT. 0) GC TO 20
PLTDTA (KPLOT,I)= PAR (L)
GO TO 30
20 PLTDTA(KPLOT,I)= STREAN(L,K)
30 CONTINUE
1F (KPLOT*0.01#TPLOT .LE. TIME) GG TO 10
RETURN
END
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o SUBFOUTINE SPEC (IAKKAY,N,NZ)
c
E: C READ VARIABLES TC BE PRINTEL, PLOTTED, OR SAVED OFP-LINE
e C
e COMMON STREAM (4,100), ICONFG(8,100), PAR(500), NPAR,
~ 1 NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
e COMMON /CREAD/ IFIRST, IAST, ICARL(20)
COMMON /NAMES/ IUNITS (12), NMSTRM(S, 100),
NG & NMEQPT (5, 100) , NMELE (5,5), ISUNIT(S),
e & NMPAR(6,75), IDNMPK (150)
e DIMENSICN IARRAY (2,NZ)
- N=0
L 10 READ(5,20) IFIRST, X, L, ICARD
\ 20 FORMAT (A1,I4,I5,T1,20A4)
D C IF THE PIRST CHARACTER IS '#' THEN IT IS A CONTROL CARD
L IF(IFIBST .EQ. IAST) RETURN
o IFP(N .LT. NZ) GO TO 40
<2 WRITE(6,30) ICABRD, NZ
0 30 PORMAT (® #*###%CARD ''',20A4,''* IGNORED.',Il,
N & ' MAXINUMY)
Go TO 10
N 40 IF{K .GT1. 0) GO T0 110
- C ENTRY IS UNIT/PARAMNETER
vl K= -K
" C LOOK FOR UNIT NUMBER IN CONFIGURATICN ARRAY
\ DC 50 I= 1,NEQ
Ng IF (ICONFG (1,I) .EQ. K) GO TO 70
- 50 CONTINUE
o WRITE(6,60) ICARD, K
T 60 PORMAT (' ***%x®#CARD *'*,20A4,'"'" IGNORED. NO UNIT®,
N & * NUMBER',I5)
GC TO 10
o C WE HAVE FOUND URIT K
[, 70 N=§F + 1
. IARRAY(1,N)= -I
= IARRAY (2,N)= ICONFG(8,I) ¢+ L - 1
;j ITYPE= ICONY¥G (2,I)
n= 1
5 80 IF (IDNBPR(M) .EQ. ITYPE) GO TO 90
o M= M + 2 + IDNMPR(M+1)
o8 GO TO 80
i 90 H= N ¢+ 1 ¢+ 1L
* M= IDNMPR (M)
T WRITE(6,100) K, (NMEQPT(J,I), J= 1,5), L,
- [ (RNPAR(J, M), J= 1,5)
& 100 FORMAT (® +++¢+0UNIT*, I9, SX, SA4 / 6X, °*PARAMETER',
> & 14, 6X, 5A4)
1 GO TO 10
-2, C ENTRY IS STREAN/BLEMENT
T 110 N= N + 1
e IARRAY (1,8)= K
Ny IARRAY (2,N)= L
4 WRITE(6,120) K, (NMSTRM (J,K), J= 1, 5), L,
X
1 110
:;!
_-‘x
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& (NMELE(L,J), J= 1, 5)
120 FORMAT(' -----STREAM', 17, 5X, 5A4 / 6X, .
& 'ELEMENT', I6, S5X, SA4)
GC TC 10
END
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SUBROUTINE BCARD
REALC A CATA CCNTEKCL CARD

COMMON /CREADy IFIRST, IAST, ICARD(20)
READ(5, 10) IFIRST, ICARD
10 FORMAT (A1,T1,20A4)
FIRST CHARACTER MUST BE '#*¢
IF (IFIRST .EQ. IAST) RETURN
WRITE(6,20) ICARD
20 FORMAT ('O#*##%EXPECT ING CATA CONTROL CARD,
E t e _20p4,0000)
STOP
END

112
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T SUBECUTINE SUECAL
1: C CALL SUBROUTINE CORRESPONDING TO EQUIPMENT TYPE
N COMMCN STRFEAM(4,100), ICONFG(8,100), PAR(500), NPAR,
- & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
3N C GET EQUIPMENT TYPE
i ITYPE= ICCNFG(2,1UNIT)
" IF (ITYPE .EQ. 0) RETUERN
Go TO(10,20,30,40,50,60,70,80,90,1060,110,120,130,140,
N (o MT OT P SP SO SM UF RO OV HC SK CN SN MN
o & 150,160,170, 180) , ITYPE
Nl c RC BC 1R GM
3 RETURN
O 10 CALL MT
\ RETURN
o 20 CALL OT
o RETURN
- 30 CALL P
> RETUEN
y 40 CALL SP
RETURN
Y 50 CALL SC
=3 RETURN
Y 60 CALL SM
AN RETUERN
1 70 CALL OF
{ RETURN
X 80 CALL RO
A RETURN
Pt 90 CALL OV
x RETURN
- 100 CALL HC
; RETURN
o 110 CALL SK
. EETUEN
s 120 CALL PID
e RETURN
;3 130 CALL SENSOR
" RETURN
" 140 CALL MANIP
Y RETURN
-y 150 CALL RATIO
50 RETUEN
a 160 CALL BINARY
RETURN
N 170 CALL TR
20 RETURN
N 180 CALL GHM
T2 RETORN
END
Yed
o
N 113
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SUBROUTINE PLO13

c
C THIS SUBROUTINE MAKES THE LINEPRINTER PLOTS
C
COMMON STREAM (4, 100), ICONFG(8,100), PAR(500), NPAR,
& NCALL, IUNIT, NFATER,NS,NEQ,DESC (5)
CONMCN /CELOT/ NPLOT, TPLOT, KPLOT, PLTDTA (100,10),
& JPSTRY (2, 10)

COMMON /CREADy IFIRST, IAST, ICARD(20)
CCMMON /NAMESy; IUNITS(12), NMSTEM(5,100),
& NMECPT (5, 100) , NMELE(5,5), ISUNIT(S),
6 NMPAR (6,75) , IDNMER(150)
DIMENSION ICHR (10), IARR (100), XAXIS (5), PLTCRD (2,10)
EQUIVALENCE (ICARD1,ICARB(1))
CATA ICD1/'*PC '/, IBLK/' '/, ISTAR/'*'/
IF (NPLOT .EQ. 0) RETURN
K1= 1
CALL BCARD
IF (ICARD1 .EQ. ICD1) GO TO 20
WRITE(6,10) ICARD
10 PORMAT (*OEXPECTING DATA CONTROL CARD '"'#PC *', FOUND'/
[ A V1Y D0y, 100
STOP
20 WRITE(6,30)
30 FORMAT (*1PLOT PARAMETERS')
DO 100 K2= K1, NPLOT
BREAD (5,40) ICHR(K2), (PLTCRD(J,K2), J= 1, 2)
40 PORMAT (A1,4X,2F10.0)
IF(ICHR(K2) -EQ. IBLK) GO TO 110
K= JPSTRM(1,K2)
L= JPSTRAN(2,K2)
IF(K .GT. 0) GO TO 80
K= -K
IUNIT= ICONPG(2,K)
KPAR= L - ICONFG(S8,K) ¢ 1
n= 1
50 IF(IDNMPR(M) .EQ. IUNIT) GO TO 60
=M ¢ 2 ¢+ IDNNPR (N+1)

GO TO 50
60 M= M ¢ 1 + KPAR
MI= IDNMPR (M)
IX12= K

JXYZ= ICONFG (1,K)
WBRITE(6,70) ICHR (K2), JXYZ, (NMECPT(J,IXYZ), J=1,5),

& PLTCRD (1,K2), KPAR,
& (KMPAR(J,MI) ,J=1,5), PLTCRD (2,K2)
70 FORMAT (/1X,A1,*----UNIT',I10,5X,5A4,5%,'Y0 =!,F12.2/
1 6X, 'PARAMETER',I5,5X,504,5X, ' YMAX =°,F12.2)
GO TG 100
80 WRITE(6,90) ICHR(K2), K, (NMSTRH(J,K),J=1,5),
& PLICRD (1,K2), L,
& (NMELE(L,J),J=1,5) ,PLTCRD (2, K2)

90 PORMAT (/1X,A1,'----STREAN',I8,5K,5A4,5X,"'Y0 =',

114




100

110
120
130

140
150

160

170

180
190

200
210

220

230
240

& F12.2/6X,'ELEMENT?, I7,5X,5A4,5X,'YMAX =*',F12.2)
CCNTINUE
K2= NPLOT
GO TO 120
K2= K2 - 1
RRITE(6,130)
FORMAT (*Q¢)
LINE= 40
DO 150 1=1,100
IARR (I)= IBLK
K= K2
¥0= PLTCRD(1,K)
Y8X= PLTCRD (2,K)
DY= (YMX-YO) s40.
DO 170 I= 1, KELOT
J= 0.5 + (PLTDTA (I,K)-Y0)/DY
IF(J .NE. LINE) GO TO 170
ICHAR= ICHR(K)
IF (IARR (I) .NE. IBLK) ICHAR= ISTAR
IARR(I) = ICHAR
CONTINUE
K= K - 1
IF(K .GE. K1) GO TO 160
IF((LINE/10) *10 .EQ. LINE) GO TO 190
WRITE(6,180) IARR
FORMAT (11X,*#**,100A1)
GO TO 210
Y0= PLTCRD(1,K1)
YuX= PLTCRD (2,K1)
DY= (IMX-YO) s40.
YC= YO + LINEXDY
WRITE(6,200) YC, IARR
FORMAT(1X,F10.2,'+*,100A 1)
LIKE= LINE - 1
YO= PLTCRD{(1,K1)
IF (LINE .NE. 0) GO TO 140
WRITE(6,220) YO
PORMAT (1X,F10.2,'+°, 10 (Y **5%%xkkke?))
DX= TPLOT/5.
XAXIS(I)= DX*I
WRITE (6 ,240) XAXIS
FORMAT (10X, 0.00',5F20.2//50X,'TINE, HR '/)
K1= K2 + 1
IP (K1 .LE. NPFLOT) GO TO 20
CALL RBRCARD
RETURN
END
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SUBFCUTINE MT

THIS SUBROUTINE SIMULATES A MIXING TANK

INPUT
STREAMS

| "1 couTeuT
| MIXING | STREAMS

] TANK j=m—mm————e >
l

e

Lt g
s, A}
fLS

PARAMETER QUANTITY

INITIAL VOLUNME
INITIAL TSS CONC.
INITIAL TDS CONC.
INITIAL TOC CONC.

‘a
.
\;.,n

4

»
iy

e X NeEaNe N Xe KK Ne Kz KR KeNe!
&EWN L
|
|
]
t
]
[}
|
|
i
VvV Vv

COMMON STREAM (4,100), ICONFG (8, 100), PAR(500), KPAR,
& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
CCMMON /CTINE/ TIME, FTIME, DT
CONMON /MATBAL/ BALNCE (4), AMTIN(4), AMTOUT (4)
COMMON /LOOK,/  ISW
C ASCERTAIN IF REAL PARAMETERS, INITIALIZE, OR COMPUTE
IF (NCALL) 10, 20, 70
C MNATERIAL BALANCE
10 EALNCE(1)= PAR(NPAR) + BALNCE(1)
BALNCE (2)= PAR (NPAR) *PAR (NPAR+1) + BALNCE(2)
EALNCE(3) = PAR (NPAR) #PAR (NPAR+2) ¢ BALNCE(3)
EALNCE(4) = PAK (NPAR) *PAR (NPAR+3) + BALNCE (4)
RETUFN
C INITIALIZATION CALCUALTIGNS
20 DC 50 I= 3, 17
J= ICONFG (I,IUNIT)
IF(J) 30, 60, 50
30 d= -J
STREAM (2,J)= PAR(NPAR+1)
STREAM (3,J) = PAR (NPAR+2)
STREAM (4,J) = PAR (NPAR+3)
50 CONTINUE
60 RETURN
C SIMULATION
70 V= PAR(NEAR)
VC2= V*PAR(NPAR+1)
VC3= V*PAR (NPAR+2)
VC4= V#PAR(NPAR+3)
DO 100 I=3,7
J= ICONFG (I,IONIT)
IP(J) 80, 100, 90
C OUTPUT STREANM
80 J= -J
FP= STREAN (1,J)
TSS= PAR(NPAR+1)
- TDS= PAR(NEFAR+2)
“ TOC= PAR (NPAR+3)
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R

X3 STREAM(2,J) = 1SS

Y STREAM(3,J)= TLS
1+ STREAM (4,J) = 10C

s V= V - CT*F
=l VC2= VC2 - LCT*F*TSS
e VC3= VC3 - DT*F*TDS
AN VC4= VC4 - DTSF*TOC
RS GC TO 100
C INPUT STREAM

. 50 F= STREAM(1,J)

oo V= V ¢ DT*F
SN VC2= VC2 + DT*F*STREAM(2,J)
L VC3= VC3 + DT*F#*STREAM(3,J)
NN VCU= VC4 + DT*FESTREAM (4,J)
. 100 CONTINUE

2 IF(V .6T. 0.0) GO TO 130
b v WRITE(6,110) ICGNFG(1,IUNIT)
o209 110 FORMAT ('O%*x**§ARNING. UNIT NUMBER',IS5,' HAS RUN DRY')
e DO 120 J= 1, 4

o 120 PAR(NPAR+J-1) = 0.
— GO TO 140

- 130 CONTINOE

X PAR(NEAR) = V

- PAR (BPAR+1)= VC2/V

s PAR(NPAR+2)= VC3/V

~t PAR(NPAR+3) = VCu4,V
{ 140 CCNTINUE

NN J= NPAR + 3
Py IF(ISW.BEQ.1) WRITE(6,150) IUNIT, (PAR (I),I=NPAR,J)
NN 150 FORMAT(' UNIT',I15,' MT VOL=',G10.3,5X,*Ss=',
"N & G10.3,5%X,'Ds=',G10.3,

2 & 1TOC=',G10.3)

: GG TG 20

~, END
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o SUBROUTINE OT

N C

e C THIS SUBROUTINE SIMULATES AN OVERFLOW TANK
N c

N C

NN C INPUT | | OVERFLOW

ad~ C STREAMS | OVERFLOW |-====—====> 1

: cC  ememe———- >1 T ANK | OUTPUT
o~ C e > jmm——m—————- >
N d
N C PARAMETER QUANTITY
A C 1 INITIAL VOLUME
-0 C 2 INITIAL 1SS CONC.

) C 3 INITIAL TDS CONC.
ot c 4 INITIAL TOC CONC.
L C 5 OVERFLOW RATE
NS C 6 MAXINUM VOLUME
o (o
S C THE OVERFLOW STREAM MUST BE SPECIFIED FIRST

“ CCMMCN STREAM(4,100), ICONEG(8,100), PAR(500), NPAR,
ndy & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
(<1 COMMON /CTIME; TIME, FTINE, DT

; CCMMCN /MATEAL/ BALNCE(4), AMTIN (4), ANTOUT (4)
P aX- CCMMCN /LCCK/  1ISW

n C ASCERTAIN IF READ PARAMETERS, INITIALIZE, OR SINULATE
i\ IF(NCALL) 10,60,110
AN 10 IF (ICONFG (3,IUNIT).LT.0) GOTO30
A WRITE (6,20) 1UNIT,ICONFG (3,IUNIT)

N 20 FORMAT(6X,'##%4+ERROR, UNIT',IS5,'. FIRST STREAM IN',
O & ' CONFIGURATION IS',I5,'. MUST BE THE OUTPUT STREAN',
' & * FOR OVERFLOW')

: NFATER= NFATER ¢ 1
e 30 IF (PAR{NPAR+5) .GT. 0.) GO TO 50
NN WRITE(6,40) IUNIT, PAR(NPAR+S)
~e 40 PORMAT (6X,******ERROR, UNIT',IS5,%. MAXIMUM VOLUME =°¢,
25 &€ F10.2,' IS INVALID. MUST BE POSITIVE.')

R NFATER= NFATER + 1

N C MATERIAL BALANCE

ARY 50 BPALNCE(1)= PAR(NPAR) + BALNCE(1)

o BALNCE (2)= PAR (NPAR) *PAR(NPAR+1) + BALNCE(2)

\ BALNCE (3) = PAR (NPAR) *PAR (NPAR+2) + BALNCE(3)
e BALNCE (4) = PAR (NPAR) *PAR (NPAR+3) + BALNCE (4)
el BETURN
O3 C INITIALIZATION CALCULATIONS
0% 60 J=-ICONFG (3,IUNIT)

7 STREAN (1,J) = PAR (NPAR+4)
L 70 DG 90 I= 3, 7

» J= ICONFG (I, IUNIT)

A IF(J) 80,100,90

. 80 J= =3

o STREAN (2,J)= PAR (NPAR+1)
o STREAN (3,J) = PAR (NPAR+2)
‘¢: STREAM (4,J)= PAR(NPAR+3)
-, f“:
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90 CONTINUE
100 RETURN
C SIMULATICN
110 F= 0.
DO 140 I= 4, 7
J= ICONFG (I, IUNIT)
IF (J) 120,146,130

120 J= -J
FP= ¥ - STREAM(1,J)
GO TO 140
130 F= F + STREAM(1,J)

140 CCNTINUE
V= PAR(NPAR)
K= -ICONFG(3,IUNIT)
FLOW= PAR(NPAR+U)
VX= V + (F-FLOW) *DT
VMAX= PAR (NPAK+5)
IF (VX .GT. VMAX) FLOW= (V + F*DT - VMAX)/DT
IP(VX .LT. 0.) FLOW= (V + F%*DT) /LT
STREAN (1,K)= FLOW
PAR(NPAR)= V + (F - FLOW)*DT
VC2= V*#PAR(NPAR+1)
VC3= V*PAR(NPAR+2)
VC4= V*PAR (NPAR+3)
Do 170 I= 3, 7
J= ICONEFG (I, IUNIT)
1F(J) 150, 170, 160
C OUTPUT STREAM
150 J= -J
STREAM (2,J)= PAR (NPAR+1)
STREAM(3,J)= PAR (NPAR+2)
STREAM (4,J) = PAR (NPAR+3)
F= STREAHN(1,J)
IF(F .LT. 1.E-20)F=0.
VC2= VC2 - DT*F*STREAM(2,J)
VC3= VC3 - DT#F*STREAM(3,J)
VC4= VC4 - DT*F*STREAM (4,J)
GO TO 170
C INPUT STREAM
160 F= STREAM (1,J)
1F(F .LT. 1.E-20) F= O.
VC2= VC2 + DT*F*STEEAN(2,J)
VC3= VC3 + DT*F*STREAM(3,J)
VC4= VC4 + DT*F*STREAN (4,J)
170 CONTINOE
VF= PAR (NPAR)
IF(VF .LT. 1.E-20) GO TO 180
PAR (NPAR*1) = VC2/VF
PAR (NPAR+2)= VC3/VF
PAR(NPAR+3) = VCU4/VF
180 CONTINUE
J= NPAR + 3
1F (ISW .EQ. 1) WRITE(6,190) IUNIT, (PAR(I),I=NPAR,J)
190 PORMAT(' UNIT*,IS5,' OT VOL=',G10.3,5X,'SS=',G10.3,5X,

ot




',G610.3,°TOC=",G10. 3)

GO TO 70
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L SUBROUTINE P

C

Y, C SIMULATIGCN OF VOLUMETRIC PUMP

. c

5 C

N C INPUT | | OUTPUT

- C STREAM | VOLOMETRIC | STREAM

C 1 ——————— > PUMP |—=——=——- > 2

g C { I

'1: C

. C PARAMETER QUANTITY

e C 1 FLOW RATE

A C

i C THE INPUT STREAM MUST BF SPECIF1ED FIRST

o C THE OUTPUT STREAM MUST BE SPECIFIED SECOND

o COMMON /LOOK/ ISH

N CCMMCN STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,
o & NCALL, IUNIT, NPATER, NS, NEQ, DESC(5)
N C ASCERTAIN IF READ DATA, INITIALIZE, OR SIMULATE
A IF (NCALL) 10, 20, 20

- C RETURN IF MATFRIAL BALANCE CALCULATIONS

2 10 RETURN

§ C INITIALIZE AND SIMULATE ARE IDENTICAL

- 20 K= ICCNFG(3,IUNIT)

4 L= -ICONFG (4,IUNIT)

{ STREAM(1,K) = PAR (NPAR)

R STREAM (1,L)= PAR(NPAR)

~ STREAM (2,L) = STREAM(2,K)

b STREAM {3,L) = STREAHN (3,K)

¥ STREAM (4,L)= STREAN(4,K)

k-~ IF (IS¥ .EQ. 1) WRITE(6,30) IUNIT, (STREAM (I,L),I=1,4)

30 FORMAT(* UNIT®',IS5,' P FLO=',G10.3,5X,'SS=",

2 & G10.3,5X,'DsS=',G10.3,5X,*ToC=*,G10.3)

N RETUEN

~ END

.4

e

]

)
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SUBROUTINE SP

C

S C SIMULATION OF STREAM SPLITTEK
o c
RN C
= C INPUT | | OUTPUT
x C STREAM | STREAN | STREAMS

C 1 ——————- >} SPLITTER |=-=====—- > 2 SPECLFIED

N C | |==————- > 3 DIFPFERENCE (1-2)
e C
R C PARAMETER CUANTITY
ROk C 1 FLOW RATE OF STREAM 2
-‘. C
. C THE FEED STREAM NUST BF SPECIFIED FIRST

W C THE SPECIFIED STREAM MUST BE SECOND
N C THE DIFFEKENCE STREAM MUST BE THIRD
N COMMCN /LCCK/ ISW
\g: COMMON STREAHN (4,100), ICONFG(8,100), PAR(500), NPAR,

- £ NCALL, IUNIT, NFAIER, NS, NEQ, DESC(5)
- C ASCERTAIN IF READ DATA, INITIALIZE, OR SIMULATE

NG IF (NCALL) 10, 20, 20
= C KETURN IP MATERIAL BALANCE CALCULATIONS
o 10 BETORN
38 c INITIALIZE AND SIMULATE ARE IDENTICAL
v C STREAM J 1S TBE INPUT
L C STREAM K IS THE SPECIFIED OUTPUT
N C STREAM L 1S THE DIFFERENCE BETWEEN J AND K
~d 20 J= ICONFG(3,IUNIT)

2 K= -ICOMNFG (4, IUNIT)
259 L= -ICONFG (5,IUNIT)
F1= STREAN (1,J)

F2= PAR (NPAR)

N IF(F1 .LT. F2) F2= F1
T STREAM(1,K)= F2
S STREAM (1,L)= F1 - F2
P DO 30 I=2,4
AT STREAMM(I,L) = STREAM(I,J)

b -0 STREAN(I,K)= STREAN(I,J)

" 1P (ISW.EQ.1) WRITE(6,40) IUNIT,F2,(STREAM(I,L) ,I=1,4)
o 40 FPORMAT(' OUNIT',IS5,' SP FLOW1=',G10.3,5X,'FLOW2=',G10.3
W & 5X,'Ss=',G610.3,5X,*'Ds="',G10.3, 5X,*'TOC=*,G10.3)
$ ; RETURN
AN END
g
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. SUBROUTINE SC
C
E\ C SIMULATION OF STREAM SOURCE
N ¢
- C e
- C ) | OUIPIT
- c | STREAM | STREAM
C | SOURCE R > 1
c ! |
.:. (o]
N C PARAMETER QUANTITY
o (o 1 TIME OF FIRST PULSE
> C 2 EULSE WIDTH
\ C 3 CYCLE TIME
N C 4 FLOW RATE
N C 5 1SS CONC.
tet C 6 TDS CONC.
‘- c 7 TCC CCN.
N CCMMCN /LOCK/  1ISW
N COMMON STREAM (4,100) ,ICONFG(8,100) ,PAR(500) , NPAR,
&% & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
-3 COMMCN /CTIME/ TIME, FTIME, DT
;3 COMMON /MATBAL/ BALNCE (4), AMTIN(4), AMTOUT (4)
o C ASCERTAIN IF BREAD DATA, INITIALIZE, OR SINULATE
! IF(NCALL) 10, 20, 20
{ C ERROR CHECK
“x 10 J= - ICONFG (3,IONIT)
2N IF(J .GT. 0) EETURN
k. WRITE(6,21) IUNIT, J
- 21 FPORMAT (' ***%IN UNIT',I4,', SO, CUTPUT STREAM IS°',
< & ' SPECIFIED AS AN INPUT STREANM (',I3,')‘)
NFATER= NFATER + 1
"o RETORN
> C INITIALIZE AND SIMULATE ARE IDENTICAL
Ny 20 J= -ICGNFG(3,IUNIT)
% STREAM (2,J) = PAR (NPAR+4)
STREAM{3,J) = PAR (NPAR+5)
- STREAM(4,3)= PAR(NPAR+6)
“n TE= TIME - PAR(NPAR)
- TE= TE + D1
N TCY= FBAR (NPAR+2)
- NCY= TE/TCY ¢ 0.0001
“n TR= TE - TCY*NCY
IF(TE .11. 0.) GO TO S0
N (o IF (TR .1T. PAR(NPAR+1)) GO TO 60
- IF (TR .LE. PAR(NPAR+1)) GO TO 40
;; IP((TR-DT) .G1. PAR(NPAR+1)) GO TO 30
- FRACT= (PAR(NPAR+¢1) - (TR-DT))/DT
*q GO TO 70
T 30 FRACT= 0.
o GG TO 70
. 40 FRACT= TR/DT
GO TO 70
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50 STREAM(1,J)= 0.

GO TO 90
C 60 STREAM(1,J)= PAR(NPAR+3)

70 CCNTINUE
1F (FRACT .GT. 1.) FRACTI= 1.
IF (FRACT .LT. 0.0) FRACT= 0.

F= PAR (NPAR+3) *FRACT

STREAM (1,J)= F
IF(NCALL .EQ. C) RETUEN

c P= STREAN(1,J)
AMTIN (1)= ANTIN(1) + F*DT
DO 80 L=2,4

80 AMTIN(L)= AMTIN(L) + F#*STREAM(L,J)*DT
Y0 IF (ISW .EC. 1) WRITE(6,100) IUNIT, (STREAM(I,J),I=1,4)
100 FORMAT(® UNIT',IS,' SO FLOW=',G10.3,5X,'SS="',
& G10.3,5X,'DS=",510.3,5X,* TOoC="',G10.3)
RETURN
END
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e
RN
2N
N SUBROUTINE SM
; C
Eg C SIMULATION OF STREAM MIXER
- C
1 C
N C INPOUT | | OUTPUT
~ L >| STREAM
C -—===—===>| MIXEF |=———————- >
i cC  mmme—ee- >1 l
AY C
o C NO PARAMETERS REQUIRED
T C
[, C OUTPUT STREAM MUST BE SPECIFIED LAST
C
N COMMCN /LCCK/ ISh
" CCMMCN STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,
"4‘3 3 NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
0 C ASCERTAIN IF READ DATA, INITIALIZE, OF SIMULATE
A7 IP (NCALL) 10, 20, 20
5 C RETURN IF MATERIAL BALANCE CALCULATICNS
N 10 KETURN
~ C INITIALIZE AND SIMULATE ABE IDENTICAL
24 20 FJ= 0.
- F= 0.
- FCcu= 0.
{ FC2= 0.
..’: FC3= 0.
oA DC 30 1=3,7
- J= ICONFG(I,IUNIT)
> IF(J .1T. 0) GO 10 40
5 FI= STREAN(1,J)
F= F + FI
Foe FC2= FC2 + FI*STREAM (2,J)
; FC3= FC3 ¢ FI*STREAN (3,J)
N 30 FC4= PC4 + FI*STIREAM(4,J)
AN 40 J= -J
o~ STREAM (1,3)= F
i IF(F .LT. 1.E-20) GO T0 50
e STREAM (2,J) = FC2/F
7 STREAM (3,J)= FC3/F
o STREAM (4,J)= ECU4/F
3 GO TO 70
e 50 CONTINUE
; C IF FLOW IS ZERO, SET CCNCENTRATIONS ACCORDINGLY
= DO 60 I=2,4
s 60 STREAM(I,J) = 0.
- 70 CONTINUE
Cl 1F (ISW .EQ. 1) WRITE(6,80) IUNIT,(STREAM(L,J),I=1,4)
- 80 PORMAT(' UNIT',IS5,' SM FLOW=',610.3,5X,'Ss=",
¢ & G10.3,5X,'DS=?,G10.3,5%X,'TOC=*,G10. 3)
3 RETURN
END
%
L
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SUBROUTINE UF

ULTRAFILTRATION MODEL INTERFACE TO WPE SIMULATOR

_ PERMEATE
| I > 1
FEED | ULTRAFILTRATION |
3 —mmmomee- > |
i MODULE | CONCENTRATE
_ |=——————————- > 2
FARAMETER QUANTITY
1 DMUMBEE OF TUBES
2 OPERATING TEMPERATURE
3 PRESSURE DROP ACROSS THE MEMBRANE

AT THE INLET
4 PRESSULE DROP DOWN THE TUBE
5 TUBE DIAMETER
6 TUBE LENGTH

THE PERMEATE STREAN MUST BE SPECIFIED FIRST
THE CONCENTRATE STREAM MUST 3BE SPECIFIED SECOND
THE FEED STREAM MUST BE SPECIFIED LAST
REAL NTPIDT
DIMENSION PERMN (100)
COMMON /LOOK/ISW
COMMCN STREAN({4,100), ICONFG(8,100), PAR(500), NPAR,
£ NCALL, IUNIT, NFATER, NS, NFQ, DESC(5)
COMMON /UFPARM/ PLEN, DTUBE, NT, JPRINT, JWRITE
COMMCN /PARMUF/ TEMP, VISC, DENB, DPZERO, PDROP
IF (NCALL) 10, 80, 90
THERE ARE NO MATERIAL BALANCE CALCULATIONS. HOWEVER,
THE STREAM SPECIFICATIONS ARE CHECKED FOK CONSISTENT
INPUT/OUTPUT
10 CONTINUE
SOME EEROR CHECKING
1F (ICONFG (3,IUNIT) .LT. 0) GO TO 30
WRITE(6,20) IUNIT, ICONFG(3,I0NIT)
20 FORMAT (6X,'#*$*%ERROR, UNIT',I5,'. FIRST STKEAM IN ',
€ 'CONFIGURATICN IS',IS,'. MUST BE THE PERMEATE °,
& *(OUTPUT) .')
NPATER= NFATER + 1
30 IF(ICONPG(4,IUNIT) .LT. 0) GO TO 50
WRITE (6,40) IUNIT,ICONFG (4,IUNIT)
40 FORMAT (6X,'®**3¢ERROR, UNIT',I5,'. SECOND STREAM IN °,
& 'CONPIGURATICN IS',I5,'. MNUST BE THE CONCENTRATE °*,
& ' (OUTPUT).")
NFATER= NFATER + 1
50 IP (LCONFG(5,IUNIT) .GT. 0) GO TO 70
WRITE (6,60) IUNIT,ICONFG(5,IUNIT)
60 PORMAT (6X,'****¢ERROR, UNIT',I5,'. THIRD STREAM IN Y,
& *CONPIGURATICN IS',IS5,'. MUST BE THE CONCENTRATE °,
€ ¥ (CUTPUT)."')
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NFATER= NFATER + 1
70 CCNTINUE
RETOURN
80 CONTINUE
INITIALIZATION SAME AS SIMULATE
PERMN (IUNIT) = O.
RETURN
90 CCNTINUE
SET UP COMMON VARIABLES
NT= PAR (NPAR)
TEMP= EAR (NPAR+1)
DPZERO= PAR (NPAR+2)
PDROP= PAR (NPAR+3)
CTUBE= PAR(NPAR+4)
PLEN= PAR (NPAR+5)
SIMULATE
IPERM= -ICCNFG(3,IUNIT)
ICCNC= -ICONFG (4, IUNIT)
IFEED= ICONFG (5,I10NIT)
GET READY TO CALL OFSS
KULTRA= -1
CS= STREAM (2,IFEED)
CD= STREAM (3,IFEED)
CC= STREAM (4,1FFED)
FLOW= STREAX (1,IFEED)
PERM= PERMN(IUNIT)
IF (IS .GE. 1)
& WRITE(6,100) IPERM,ICONC,IFEED,CA,CC,FLOW
100 FORMAT(' $$$ UF DEBUG',6G10.3)
CALL UFSS (KULTRA,CS,CC,CC, FLOW, TOTALA, TOTALB,TOTALC,
& PERM)
PERMN (1UNIT) = PERM
TOTAL= TOTALA + TOTALB + TOTALC
STREAM (3, IPERM)= TOTALA/TOTAL*DENB
STREAM (4,IPERM) = TOTALC/TOTAL*DENB
STREAM(1,IPERN)= TOTAL/DENB
NO SUSPENDED SCLIDS PASS THROUGH UF MEMBRANE
STREAM (2,IPERM) = O.
CHECK FOR ERRORS
IF (KULTRA .LT. 0) GO TO 120
WRITE (6, 110) KOLTRA
110 PORMAT (' #*#*#ERROR IN UF WHILE CALLING UPSS. ',
& ' KULTRA=',I5)
NFATER= NFATER + 1

120 CONTINUE
GET FLOW RATE OF CONCENTRATE BY STEADY STATE MATERIAL
BALANCE

STREAN(1,ICONC) = STREAM (1,IPEED) -~ STREAN(1,IPERN)
GET CONCENTRATICN OF CONCENTRATE BY COMPONENT BALANCE

DO 130 I=2,4

STREAM(I,ICONC) = (STREAM (I,IFEED)*STREAM(1,IFEED)~-

& STREAM(I,IPERM)*STREAM(1,IPERM))/STREAM(1,ICONC)
130 CONTINUE

IP(ISW .EQ. 1) WRITE(6,140) IUNIT, (STREAM(I, IPERN),I=1
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£ (STREAM(I,ICCNC),I=1,4)

140 FORMAT (* UNIT',I5,' UF PERM FLOW=',G10.3,5X,'SS=",
£610.3,5X,'DS=*,G10.3,5X, 'TOC=",610.3/15X, 'CONC FLOW="',
6G10.3,5X,'Ss=",610.3,5X,'DS=,610.3,5X, 'TOC=1,510. 3)

RETUEN
END
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2
y SUBROUTINE UFSS(KULTRA,SS,DS,TC,F,TOTALA,TOTALB,
{ & TOTALC, PERM)
> C
o C THIS SUBROUTINE PERFORMS THE STEADY STATE CALCULATIONS FO
S0 c MULTIPLE TUBE ULTRAFILTRATION MOTCULES.
(3 C THIS ROUTINE ASSUMES COMPLETE REJECTION OF SUSPENDED SOLI
" o AND NO REJECTICN OF DESOLVED SOLIDS.
C SEE THE REPORT BY AEBOTT AND STERLING ON THE MODIFIED UF/
- c TUBULAR RO/ GEL MODEL FOR A DISCRIPTION OF VARIABLES
o c
- REAL NTPIDT
. CONMON /UFPARM/ PLEN, DTUBE, NT, JPRIN1, JWRIT®
o CCMMCON SUFFIT/ GAM1, GAM2, GAMINF, C1, C2, CINF
. COMMCN /PARMUF/ TEMP, VISC, DENB, DPZERO, PDROP
N COMMON /CTIME/ TIME, FTIME, DT
N DATA PIE/3.141593/
s NTPIDT= NT*DTUBE*PIE
i3 DPBAR= DPZERO - 0.5%¢PDROP
s GAMMA= GAMINF

IP (GAM2*PERM .LT. 174.)
& GANMA= GAMINF + (GAM1-GAMINF) *EXP (~GAM2*PERN)
TOTALB= PLEN®*GAMMA*CPEAR*NTPIDT
FB= (TOTALB/LCENB)
TOTALA= DS*FB
TOTAL= TOTALA + TOTALB
{ C= CINF
IF (C2*PERM .LT. 174.) C= CINF + (C1 - CINF) *EXP(-C2*PE
TOTALC= PLEN*NTPIDTI*TC*TOTAL*C/(TOTAL ¢ DENB*C)

o PERN= PERM + FE#DT

i 10 I1F (JPRINT .LE. 0) GO TO 50

" JPRINT= JPRINT ~ 1

WRITE(6,20) SS,Ds,TC,F,DPZERO, PDROP,PLEN, DT, DTUBE,NTPI

& 20 PORMAT (' SS= ',G12.5," DS= ',G12.5,! TC= ¢
A * 0 F= 1,612.5/
W 1 ' DPZERO= ',G12.5,' PDROP= ',G12.5,* PLEN= ',G12.5
&Y *,612.5/
X 2 * DTUBE= ',G12.5,' NTIPIDT= ',G12.5," DENB= ',G12.5
A 3,612.5)

= WRITE(6,30) GAM1,GANM2,GAMINF,C1,C2,CINP

~ 30 POBMAT(* GAM1= ',G12.5,' GAM2= *,G12.5,"' GAMINF= ?
g * C1= *,G12.5," c2= ',612.5," CINF= ',G12.5
& WRITE(6,40) CPEAR, GAMMA,C, PERM,TOTALA,TOTALB,TOTALC

N 40 PORMAT (* DPBAR= *,G12.5,' GAMMA= !',G12.5," c= ',G

1 PERM= ',G12.5/' TOTALA= *,G12.5,' TOTALB= ',G12.5
2 * TOTALC= ',G12.5)
50 BETURN
END

XN
YL SENERES

A

7.
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- SUBROUTINFE UOZONE (ZINO,CZINO,TOCINO,G,¥%,Z0UT,CZOUT,
1 & TOCCUT)

C

A C THIS SUBROUTINE PERFORMS THFE STEADY STATE CALCULATIOS
e C FOR THE ULTRAVICLET OZCNATION UNIT
K Ea c

S REAL KLA, KHENRY, KRATE, KDCOMP
COMMCN /DELTAT/ DT

-l COMMON ,sUVL/ UVIITE

e CCMNCN /UVFIT/ KHENRY, ECOZ, ETOC, KRATE, KDCOMP,

- & FOZD, UVEFCT, ALPHA, FN, QPRIME

b COMMON /UVPABRM/ CAREA, PAREA, H, RHO, PRESS, TEMP, NWR
G DIMENSION ZOUT (10), CZOUT(10), TOCOUT{10), DCZBR(10),
. & DTOCER (10)

COMMON /STAGES/ NSTAGE,PRECON
DATA IFIRST/0/
= EQUIVALENCE (NNN,IEND)
S NNN= NSTAGE
A IF (PRECCN .NE. 0.0) NNN= NSTAGE + 1
IF (IPIRST .NE. 0) GO TO 20
8 C FOR FIRST ITERATION, SET UP INLET GAS CONCENTRATION

- C TO PRE-CONTACTCR

4 IPIRST= 1

o TZ0UT= 0.

- DG 10 I= 1, NSTAGE

( 10 T2Z0UT= TZOUT + 2Z0UT (I)

N 4BAR= TZOUT/NSTAGE

s 20 CONTINOE

s UVLITE= 0.

) C CALL FOR PRE-CONTACTOR

B CALL USTAGE(ZEAR, CZINO, TOCINO, NSTAGE*G, F,
: £ ZOUT (NSTAGE+1), DCZBR{NSTAGE+1), DTOCBR (NSTAGE+1),
s & PAREA, CZOUT (NSTAGE+1), TOCOUT (NSTAGE+1))

o TZOUT= 0.

<o C SET UP UV RADIATIGN EFFECT ON REACTION RATE CONSTANTS

2 UVLITE= UVEFCT

o) DO 60 I= 1, NSIAGE

- C SET UP INPUTS TO THE NEXT STAGE

NG ZIN= ZINO

N N=1-1

N IF(I .NE. 1) GO TO 30

NN B= NSTAGE + 1

oy 1F (PRECON .BEQ. 0.0) GC TO 40

_ 30 CONTINUR

. CZIN= CZOUT (N)

“ TOCIN= TOCOUT (N)

X GO TO 50

s 40 CCNTINUE

o
A
g L

F O 130

CZIN= CZINO
TOCIN= TOCINO
50 CONTINUE
CALL USTAGE(ZIN, CZIN, TOCIN, G, F, ZOUT(I), DCZBR (I),
& DTOCBR (I), CAREA, CZOUT (I), TOCOUY(I))
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TZOUT= TZOUT ¢+ ZOOUT (I)
60 CCNTINUFR
C DETERMINE NEXT GAS CONCENTIRATION TO THE PRE-CONTACTOR
ZEAR= TZOUI/NSTAGE
DO 70 I= 1, IEND
C TAKE ONE INTEGRATION STEP
C20UT(I) = CZOUT(I) + DCZBR(I)*DT
70 TOCOUT (I)= TGCCUT(I) + DTOCBE (1) *DT
RETUEN
END
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SUBROUTINE GHM

ULTRAFILTRATION GEL MODEL INTERFACE TO WPE SIMULATOR

PFRMEATE
i |———————————- > 1
FEED I GEL MODEL I
3 ——mm———- >] ULTRAFILTRATICN |
i MODULE | CONCENTRATE
| | === ———————=> 2
PARAMETER QUANTITY
1 NUMBER OF TUBES
2 CFERATING T EMPERATURE
3 PKESSURE DROP ACROSS THE MEMBRANE

AT THE INLET
L) PRESSURE DROP DOWN THE TUBE
5 TUBE DIAMETER
6 TUBE LENGTH

THE PERMEATE STREAM MUST NE SPECIFIED FIRST
THE CONCENTRATE STREAN MUST BE SPECIFIED SECOND
THE FEED STREAN MUST BE SPECIFIED LAST
REAL NTPIDT
DINENSION PERMN (100)
COMMON /LCGK/ISW
CONMON STREAM (4, 100), ICONFG (8,100), PAR(500), NPAR,
3 NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
CCMMCN /GNPARN/ PLEN, DTUBE, NT, JPRINT, JWRITE
CONMON /PARMGM/ TENP, VISC, DENB, DPZERO, PDROP
1F(NCALL) 10, €0, 90
10 CCNTINUE
THERE ARE NO MATERIAL BALANCE CALCULATIONS. HOWEVER, THE
STREAN SPECIPICATIONS ARE CHECKED FOR CONSISTENT
1INPUT/OUTEUT
IF (ICONFG (3,IUNIT) .LT. 0) GO TO 30
WRITE(6,20) IUNIT, ICONFG(3,IUNIT)
20 PORMAT (6X,'*¢*#*ERROR, UNIT',I5,'. FIRST STREAM IN ',
& YCONPIGURATICN IS',IS5,'. MUST BE THE PERMEATE °,
& ' (OUTPUT) .*)
NPATER= NFATER + 1
30 IP (ICONPG (4,IUNIT) .LT. 0) GO TO SO
WRITE (6,40) IUNIT,ICONFG (4,IUNIT)
40 PORMAT(6X,'$*#¢sERROR, UNIT',IS5,'. SECOND STREANM IN',
& ' CONFIGURATION IS',I5,'. MUST BE THE CONCENTRATE',
& * (OUTPUT).')
NFATER= NFATER ¢ 1
50 IF (ICONPG(5,IUNIT) .GT. 0) GO TO 70
WRITE (6,60) IUNIT,ICONFG (5,IUNIT)
60 PORMAT (6X,'*****ERROR, UNIT',I5,'. THIRD STREAM IN',
& ' CONPIGURATICN IS',I5,'. MUST BE THE FEED °*,
& ' (INPUT).')
INCREMENT NUMBER OF PATAL ERRCRS
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NFATER=

70 CCNTINUE

RETURN

NFATER + 1

80 CONTINUE

INITIALIZATICN SAME AS SIMULATE

PERMN (IUNIT) = O.

90 CONTINUDE
SET UP COMMON VARIABLES

NT=
TEMP=
DPZERO=
EDEOP=
DTUBE=
PLEN=
SIMULATE
IPERN=
ICONC=
IFEED=

KULTRA=
CS=

CD=

CC=
FLOu=
PERM=

PAR (NPAR)
PAR (NPAR+1)
PAR (NPAR+2)
PAR (NPAR+3)
PAR (NPAR+4)
PAR (NPAR+5)

-ICONFG (3,IUNIT)
-ICONFG(4,IUNIT)
ICONFG (5, IUNIT)
GET READY TO CALL GMSS

-1

STREANM(2,IFFED)
STREAM(3,IFEED)
STREAM (3, IFEED)
STREAN (1,IFEELD)
PERMN (IUNIT)

IF (IS¥ .GE. 1)

& WRITE(6,100) IPERN,
$$$ GM DEBUG',6G13.5)
CALL GYSS (KULTRA,CS,CD,CC,FLOW,TOTALA, TOTALB, TOTALC,

100 PORMAT ('

& PERM)
PERNN (IUNIT)= PERN
TOTAL= TOTALA + TOTALB + TOTALC
STREAM (3,IPERM) = TOTALA/TOTAL*DENB
STREAM(4 ,IPERM)= TOTALC/TOTAL*DENB
STREAM (1,IPERN)= TOTAL/DENB

NO SUSPENDED SOLIDS PASS THROUGH UF MEMBRANE
STREAN (2,IPERN) = O.

CHECK FOB EREORS

IF(KULTRA .LT. 0) GO TO 120
WRITE(6,110) KOLTIRA
110 FORMAT (* ****3FBROR IN GEL WHILE CALLING GMSS.?',

& ' KULTRA=',I5)

NFATER=

120 CONTINUE
GET PLOW RATE OF CONCENTRATE BY STEADY STATE MATERIAL

BALANCE

STREAM(1,ICONC)= STREAM(1,IFEED) - STREAM (1,IPERM)
GET CONCENTRATICN OF CONCENTRATE BY COMPONENT BALANCE

NFATER ¢+ 1

DO 130 I=2,4

STREAN(I,ICONC) =

ICONC, IFEED, CA, CC, FLOW

(STREAN (I, IFEED) *STREAM (1, IFEED) -

& STREAM(I,IPERN)*STREAM(1,IPERM))/STREAM(1,ICONC)
130 CONTINUE

IF(ISW .EQ. 1) WRITE(6,140) IUNIT, (STREAN(I,IPERM),I=1

€ (STREANM(I,ICONC),I=1,4)
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'_,-:;. 140 FORMAT(* UNIT®',I5,' GM PERMN FLOR=',G10.3,5X,'SS=",
o & G10.3,5%X,'DS=',G10.3,5X,*T0C=*,G10.3/15X,*CONC FLOW="'
(g: & ,610.3,5%,'S5=',G610.3,5%,'Ds=',G610.3,5X,'T0C=',G10.3)
RETURN

O END
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SUBROUTINE GMSS (RULTRA,SS,DS,TC,P,TOTALA,TOTALS,
& TOTALC,PERM)

THIS SUBROUTINE PERFORMS THE STEADY STATE CALCULATIONS

FOR MULTIPLE TUBE ULTEAFILTRATION MCDULES USING THE GEL
MODEL

THIS ROUTINE ASSUMES CCMPLETE REJECTION OF SUSPENDED
SOLIDS

SEE THE REPORT BY ABBOTT ANLC STERLING UN THE MODIFIED UF/
TUBULAR RO/ GEL MODEL FOR A DISCRPTION OF VAKIABLES

s NeNsNeNeNeNeXe K

REAL JA,JB,JdC, NTPIDT
COMMCN /GMPARM/ PLEN, DTUBF, NT, JPRINT, JWRITR
COMMON /PARMGM/ TEMP, VISC, DENB, DPZERO, PDROP
COMMON /CTIME; TIME, FTIME, DT
DATA NSTEPS/10/
CATA NDIM1/100/
CA= DS
cC= TC
PI= 3.14156$3
C DETERMINE AXIAL STEP SIZE FROM THE TOBE LENGTH AND
C NUMBER OF INTEGRATICN STEPS
DZ= PLEN/NSTEPS
NWRITE= 0
ARFA= 0.25%PI*DTUBE*DTURE
NTPIDT= NT*#DTUBE*PI

TOTALA= 0.
TOTALB= 0.
TOTALC= 0.

DO 30 I=1,NSTEES
2= (I-1)*DZ + 0.5%D2
C EVALUATE PRESSURE DROP AT MIDPOINT OF INTEGRATION STEP
DELP= DPZERC - PDROP#*Z/PLEN
V= F/AREA
KGETJ= 0
C CALL GETJ TO GET THE FLUXES
CALL GETJ (CA,CC,V,DELE,JA,JB,JC, KGETJ)
C CALCULATE DERATIVES FOR THIS STEP
DF= -RTPIDT#*(JA + JB + JC)/DENB
DFCA= —NTPIDT*JA
DFCC= -NTPIDT*JC
C PERFORM INTEGRATICH
PNER= F + DF*DZ
CA= (FP*CA ¢ DFCA*DZ) /FNEW
CC= (P*CC ¢ DPCC*DZ) /FNEWN
C UPDATE CUMULATIVE PERMEATE FLOWS OF A, B, AND C
TOTALA= TOTALA + JA®NTPIDT*DZ
TOTALB= TOTALB + JB*NTPIDI*DZ
TOTALC= TOTALC ¢ JC*NTPIDT#DZ
FP= FNEW
1F (JPRINT .LE. 0) GO 10 30
C DETERMINE IF ANY QUTPUT IS TO BE PRODUCED
NURITE= NWRITE + 1




IF (NWRITE .LT. JPRINT) GC TO 30
NWRITE= 0
WRITE(6,20) I, Z, CA, CC, JA, JB, JC, F,
& TCTALA, TOTALB, TOTALC
20 FORMAT(* STEP ',I4,' 2= ',G13.5,' CA= ',G13.5,
€' CC= ',G13.5/% JA= ',G13.5,' JB= ',G13.5,' JC= !
& ' P= ',613.5/' TOTALA= ',G13.5,' 10TALB= *,G13.5,
& ' TOTALC= ',G13.5)
30 CONTINUE
DS= CA
TC= CC
PERM= PERM + (TOTALB/DENB)*DT
IF (JPRINT .EQ. -999) WRITF(6,20) I, Z, CA, CC, JA, JB,

-

’

& JC, F, TUOTALA, TOTALB,TOTALC
RETURN
END
136
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SUBROUTINE GRETJ(CA1,CC1,V,DELP,JA,JE,JC,KGETJ)

THIS 1S THE GEL MODFL FCR THT ULTRAFILTRATION UNIT
SEE FEPORT BY SMITH AND STARKS ON TEBEE UF UNIT FOR A
DISCRIPTICN OF VARIAELES

REAL NF, JA, JB, JC
REAL*8 JB1, JB2, KA, KC, JDA, DAX, RE, SC, SH, CA2,
CA2BIG, CA2SML, CA3, CA3EIG, CA3SML, PI,
POSMOT, CEQ2, CEQ3, DELP1, PI2, PI3, CA3P,
ca2p, XA1, Xc1, CX, BX, CCGEL
COMMON /GMPARM,/ PLEN, DTUBE, NT, JPRINT, JWRITE
CCMMCN /PARMGM/ TEMP, VISC, DENB, DPZERO, PDRQP
COMMCN /GMFIT/ GAMMA, aPI, BPI, B, C, RATIO, DCX,
& ADAX, BDAX, CDAX, CAGEL
DATA MCNT2, MCNT3/10, 10/
POSMOT (C)= API*TEMP*C*(1.D0 + BPI®C) #%2
CHECK FOR REASCNABLE INPUT VALUES.
IF(CA1 .L1. 0.0 .OR. CA1 .GT. DENB) GO TO 10
IF(CC1 .LT. 0.0 .OB. CC1 .GT. DENB) GO TO 10
IP(V .LT. 0.0) GG TO 10
G0 TO 30
10 CCNTINUE
IF UNRRALISTIC VALUES FROM GMSS ARE ENCOUNTERED, PRINT
AN ERROR MESSAGE AND DOUMP THE MAJOR VARIABLES IN GETJ.
THEN RETURN.
WRITE (6,20)CA1,CC1,V
20 FORMAT (' IN GETJ ...UNREALISTIC INPUT VALUES.'/

[

&€ ' CAl= *,G15.5,"! CC1= ',615.5," v= *,G15.5)
KGETJ= 1
IF (JWRITE .LE. 0) JWRITE= 1
GO TO 160

30 CCNTINUE
CALCULATE BULK MASS FRACTIONS

XA1= CA1/DENB

XC1= CC1/DENB
CALCULATE REYNOLDS NUMBER

RE= DP*V/VISC

RE913= .0096%RE**_913

CALCULATE MASS TEANSFER COEFPICIENTS

XXX= XA1%100.

DDD= ADAX#XXX ¢ BLAX®EXP (~CDAX*XXX)

DAX= DDD*1.E-10

SC= VISC/DAX

SH= REG13% (SC**_346)

KA= SH*DAX/DTOUBE

SC= VISC/DCX

SH= RE913%(SC**,346)

KC= SH*DCX/LTUEE
RESET KGETJ TO NON-ERBROR CONDITION IF NEEDED.

IP (KGETJ .LE. 0) GO TO 40
KGETJ= 0

40 CONTINUE
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USE INTERVAL HALVING TO FIND THF LARGEST POSSIBLE VALUE
OF CA2, REMEMBERING THAT (DFLP - LDELPI) MUST ALWAYS BE
POSITIVE.

CA2BIG= DENB
CA25ML= 0.
. C USE CA2 AS A TEMPOKARY STORAGE LOCATION FCR NOW
- CA2= CA1 + CC1*RATIOQ
PI2BIG= PCSMOT (CA2) + DEL?P
o DO 60 I=1,20
8 CA2= (0.5*%(CA2BIG + CA2SHML)

nonn

. PI2= PCSMCT (CA2)

&N IF(PI2 .GT. PI2BIG) GO TO 50
ot CA2SML= CA2

N GC TO 60

R 50 CA2BIG= CA2

- 60 CONTINUE
TR C SET UP LIMITS FOR CUTER LOOP TO FIND CA2

15 CA2SML= CA1
Wy DO 130 I=1,MCNT2
oo CA2= (CA2BIG + CA2SML)/2.
"o JDA= RA*(CA2 - CA1)
" C SET UP LINITS FOR INNER LOOP TO FIND CA3
s CA3BIG= CA1
O CA3SHL= 0.
! DO 100 II=1,MCNT3
s CA3= 0.5D0%(CA3BIG + CA3SML)
. JE1= B*DENB* (CA2/CA3 - 1.0)
e CC2= (JB1*XC1 ¢ KC*CC1)/
s & (RC + C*(1. - DENB*C/(JB1 + DENB*C)))
00 CC3= DENB#*C*CC2/(JB1 + DFNB*C)
oy CEQ2= CA2 + CC2%RATIO
PI2= POSMOT (CEQ2)
s CEQ3= CA3 + CC3#RATIO
o PI3= POSMOT (CEQ3)
o DELPI= PI2 - PI3
o JB2= GAMMA#* (DELP - DELPI)
i CA3P= B*DENB#*CA2/(JB2 + B*DENB)
N IF(CA3 .GT. CA3P) GO TG 80
o 70 CA3SNL= CA3

GO TO 90
60 CA3BIG= CA3
S50 CCNTINUE
100 CONTINUE
JB= 0.5D0*(JB1 + JB2)

RRZ,

[T CA2P= (JB*XA1 ¢ KA®CA1 + B%CA3)/(KA + B)
~n IF (CA2 .GT. CA2P) GO TO 110
5& CA2SHL= CA2
7y GO TO 120
A 110 CA2BIG= CA2
1 120 CONTINUE
Fa 130 CONTINUE
ahy JA= B* (CA2 - CA3)
'2 JC= C*(CC2 - CC3)
N
A
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LAY
e IF (CAGEL .LT. 0.) GO TO 150
P IF (CA2 .LE. CAGEL) GO T0 159
1€ JCA= KA®(CAGEL - CAY)
T BX= JLA*(1. - B/KA)
e CX= BX*CAGEL*JDA
o JA= (-BX + DSQRT(BX*BX - 4.%*CX)) *0.5D0
N JB= (JA + JCA)/xA1
NN CA3= CENB*JA/JB
f CX= C/ (1. + DENB*C/JB)
N CCGEL= (JB*XC1 + RC*CC1)/(CX + KC)
N JC= CX*CCGEFL
e JDC= KC* (CCGEL - CC1)
285 CC3= DENB#*JC/JB
e CEQ2= CAGEL + CCGEL#*RATIOC
\ PI2= POSMOT (CEQ2)
Y CEQ3= CA3 + CA3 ¢ CC3*RATIO
o P13= PCSMCT (CEQ3)
o] DELPI= PI2 - PI3
o Q= GAMMA* (DELP - DELPI)/JB
s IF(Q .LT. 1.) WRITE(6,140) Q
- 140 PORMAT (* IN GETJ ... C= ',G13.5,' IS LESS THAN 1.')
ele 150 CONTINUE
e 160 CONTINUE
554 C THIS SECTION OF WRITE STATEMENTS PROVIDES A DUMP OF MAJOR
e C VARIABLES IN GETJ
oy 1F (JURITE .LE. 0) GO TO 200
{ JPRINT= JPRINT ¢ 1
00 IP (JPRINT .GE. JWRITE) JWRITE= - 1000
N WRITE(6,170) JPRINT
oy 170 PORMAT(* ENTER GETJ ...PASS NUMBER ',I10)
Tl WBITE(6,190) CA1, CC!l, v, DF, DENB
> WRITE(6,190) TEMP, MCNT2, MCNT3, VISC, DELP
' WRITE (6,190) JWRITE, JA, JB, JC
G WRITE(6,190) AKA, ARC, ERE, API, BPI
ﬁg WRITE (6,190) GAMMA, B, C, NF, RATIO
NG WRITE(6,190) RE, KA, KC, DELPI
5 WRITE(6, 190) CA2, CC2, CEQ2, PI2
oy WRITE(6,190) CA3, CC3, CEQ3, PI3
o WRITE (6,190) CA2SML, CA2BIG, CC2SML, CC2BIG
b WRITE(6, 190) CA3SML, CA3BIG, CC3SML, CC3BIG
SN WRITE(6,190) CCGEL, Q
N WRITE (6,180)
2508 180 FORMAT (1X,10('.*),* LEAVING GETJ *,30('."))
N 190 PORMAT(5(1X,G15.5))
o 200 CCNTINUE
A RETURN
o END
S
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SUBROUTINE RO

THIS IS THE FIBER REVERSE OSMOSIS INTERFACE

FFED | | PERMEATE
STREANM | FIBER |=mmm————————a > 1
3 - 21 REVEFRSE | CONCENTRATE
| OSMCS IS |m——————— > 2
|

PARAMETER CUANTITY

CPERATING PRESSURE

OPERATING TEMPERATURE

LENGTH OF A FIBER

OUTER KADIUS OF FIBER BUNDLE
INNER RADIUS OF FIBER BUNDLE
FIBER LIAMETER

oOUFWwN =

THE PERMEATE STREAM MUST BE SPECIFIED PIRST
THE CONCENTRATE STREAM MUST BE STECIFIED SECOND
THE FEED STREAM MUST BE SPECIFIED THIRD
REAL L,NF
COMMON /LGOK/ ISW
COMMON STREAM(4,100), ICONFG (8,100), PAR(500), NPAR,
& NCALL, IUNIT, NFATFR, NS, NEQ, D®SC(5)
COMMON /ROFIT,/ AKA, AKC, ERE, API, BPI, GAMMA, B, C,
[ NF, RATIO
COMMCN /PARMRO/ L, OR, R1, DF, TOLMX, TOLMN, NWRITE,
& NSTEPS
COMMON /ROPARM/ 'TENP, VISC, DELP, RHOB, MCNT2, MCNT3,
g JWRITE
IF (NCALL) 10, 80, 90
10 CONTINUE
SOME ERROR CHECKING
1F (ICONFG (3,IUNIT) .LT. 0) GO TO 30
WRITE(6,20) IUNIT, ICONFG (3,IUNIT)
20 PORMAT (6X,'*##***ERROR, UNIT',I5,'. FIRST STREAM IN',
&' CORPIGUBATION IS',I5,', MUST BE PERMEATE (QUTPUT.) *)
NFATER= NFATER + 1
30 IP(ICONFG(4,I0UNIT) .LT. 0) GO TG 50
WRITE(6,40) IUNIT, ICONFG(4,IUNIT)
40 PORMAT (6X,'***%x*ERROR, ONIT',I5,'. SECOND STREAM IN',
E'CONFIGURATION IS',I5,'. MUST BE THE CONCENTRATE',
& ' (CUTPRUT).')
NPATER= NFATER + 1
50 IF(ICONFG(5,IUNIT) .GT. 0) GO TO 70
WRITE(6,60) IUNIT, ICONFG(5,IUNIT)
60 PORMAT (6X,'*#%##*FRROR, UNIT',I5,'. THIKD STREAM IN°Y,
&' CONPIGURATION IS',I5,'. MUST BE THE FEED (INPUT).')
NFATER= NFATER + 1
70 CCNTINUE
RETURN
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o 80 CONTINUE
o C INITIALIZATION IS THE SAME AS SIMULATE
]' C RETUEN

k- 90 CONTINUE

.- C SIMULATE

- DELP= DPAR (NPAR)

AR TEMP= PAE (NPAR+1)

. L= PAR (NPAR+2)

. CR= PAR(NEAR+3)

O RI= PAR(NPALK+U4)

o DF= PAR (NPAR+5)

IPERM= -ICONFG(3,1UNIT)

- ICCNC= -ICONFG (4,IUNIT)

IFEED= ICONFG(5,IUNIT)

\ C GET READY TO CALL ROSS

a FLOW= STREAM(1,IFEETL)

. CAR= STREAM(3,IFEED)

> CARSAV= CAR
e CCR= STREAM(4,1FEED)
) CCRSAV= CCR
CALL ROSS (FLOW,RHOB,CAR,CCR,SOUTA,SOUTB,S0QUTC)
N TOUT= SCUTA + SOUTB + SOUTC
AGN XAP= SOUTA/TOUT
XCP= SOUTC/TOUT
STREAM (3,IPERN)= XAP*RHOB
‘ STREAM (4 ,IPERM)= XCP*RHOB
L STREAM (2,IPERM) = Q.
FLOWC=FLCW-TOUT/RHOB
k"< CAC= (PLOW*CARSAV-SOUTA)/FLOWC
'O CCC= (FLOW*CCRSAV-SOUIC) /FLONC
<o STREAM(3,ICONC) = CAC
" STREAM (4 ,ICONC)= CCC
C NO SUSPENDED SOLIDS IN THE PERMEATE

-2 STREAM (2,ICONC) = PLOW*STREAM (2,IFEED) /FLOWC

- STREAM (1,ICONC)= FLOWC
3 STREAN (1,IPERM)= FLOW - FLCWC
i IF(IS¥.NE.0) HWRITE(6,100)
- 100 PORMAT (' LEAVING RO')

IF (ISW.EQ.1) WRITE(6, 110)IUNIT, (STREAM(I,IPERM),I=1,4)
& (STREAM(I,ICONC),I=1,4)
7 110 FGRMAT (' UNIT',I5,' BO PERM FLOW=',G10.3,5X,'SS=',
N £G610.3,5X,'DS=',G10.3,5X, 'T0C="*,G10. 3/15X, '*CONC FLON="',
N € G10.3,5X,'55=+,610.3,5X,*DS=',610.5,'TOC=1,G10.3)
e RETURN
END
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C
C

C

SUBROUTINE ROSS (FLOW,RHOB,SCAR,SCCK, SOUTA, SOUTB, SOUTC)

THIS SUEROUTINE PERFORMS THE STEADY STATE RO CALCULATIONS

REAL*8 R, JA, JB, JC, VR, DR, DRSAVE, CAR, CCR,
OUTASV, OUTESV, OUTCSV, ATCTAL, RDR, AUX,
VRDR, CARLCR, CCRDR, RELCA, RELCC, RELV,
OUTA, OUTB, OUTC
REAL NF,L
ECUIVALENCE (IXCNT,IHALVE)
COMMON /ROFIT/ AKA, ARC, ERE, API, BPI, GAMMA, B, C,
& NF, RATIO
COMMCN /FASTRO; IFLAGEF
CCMMCN /PARMBC/ L, RO, RI, DF, TOLMX, TOLMN, NWRITE,
& NSTEPS
DATA PI/3.141593/
DATA IVFRST/0/
CATA IERROR/O/
INITIALIZE COUNTERS

QoM

IFLAGP= 0
IF (IVFRST .NE. G) GO 70 10
IVFRST= 1
IFLAGP= 1
10 CONTINUE
CAR= SCAR
CCR= SCCR
IHALVE= 0
J= 0
I= 0
OUTA= (.
ouTB= 0.
QUTC= 0.
R= RI1

ATOTAL= PI®(RO*RC - RI®*RI)
VR= FLOW/ (2.*PI*RI*L)
DR= (RO - RI)/NSTEPS
DRSAVE= DR
KGETF= 10
20 CONTINUE
START OF THE INTEGRATICN LOOP
30 CONTINUE
GETF CALCULATES VALUES OF THE FLUXES
CALL GETF(CAR,CCR,VR,DF,JA,JB,JC,KGETF)
CHECK FGR EREORS IN GETF
IF (KGETF .EQ. 0) GO TO 100
IERROR= IFRROR ¢ 1
WRITE (6,40)
40 FORMAT (* 1IN ROSS...RESPONDING TO AN ERROR IN GETF!')
WRITE(6,130) I, IXCNT, R, CAR, CCR, OUTA, OUTB, OUTC,
& VR, AOX, JA, JB, JC
KGETP= 0
50 CONTINUE
HALVE THE STEP SIZE
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«
o 0, -

ko,
-
o IHALVE= IHALVE + 1
i CR= DR/2.
1« C CHECK FOR EXCESSIVE STEP SIZE HALVINGS AND
= C ERRORS FROM GET?
ol IF (IHALVE .LE. 20) GO To 70
o WEITE (6,60)
Vo 60 FORMAT(' IN ROSS. AN EXCESSIVE NUMBER OF KRADIAL STEP®
) $,' SIZE HALVINGS HAVE OCCURRED.')
STGP
- 70 CONTINUE
0 IF (IERRCR .LE. 100) GC TO 90
N WRITE (6 ,80)
o 80 FORMAT(' IN ROSS. AN EXCESSIVE NUMBER OF ERRGRS HAVE!
¢ $,' BEEN REPORTED FROM GETIF')
A STOoP
o~ 90 CONTINUE
i~ 100 CONTINUE
=y C ONE INTEGRATICN STEP
-3 RDR= R + DR
o AUX= NF*DF*PI*DR* (2.%*R+DR)
VRDR= (2.*R*RHCB*VR- (JA+JIB+JC) *AUX)/ (2. *RDR*RHOB)
N CARDR= (2.*R*VR*CAR-JA*AUX)/ (2. *RDR*VRDR)
1 CCRDR= (2.*R*VR*CCR-JC#*AUX)/ (2.*RDR*VRDR)
N C CALCULATE THE RELATIVE CBANGE IN VARIABLES OVER THE
e C INTEGRATION STEE
- IF (VR .NE. 0.) RELV= (VRDR-VE)/VR
A IF(VR .EQ. 0.) RELV= VRDR-VR
X IF (CAR .NE. 0.) RELCA= (CARDR-CAR)/CAR
= IF (CAR <EQ. 0.) RELCA= CARDR-CAR
e IP(CCR .NE. 0.) RELCC= (CCRDB-CCR)/CCR
= IF (CCR .EQ. 0.) RELCC= CCRDR-CCR
~, C CHECK FOR UNREALISTIC VALUES OF VARIABLES
IF (VRDR .LT. 0.0) GO T0 50
, IF(CARDR .LT. 0.0) GO 10 50
A IF (CCRDR .LT. 0.0) GO TO 50
e C IF GRADIENTS ARE TOO STEEP, HALVE THE STEP SIZE
2 IF(RELV .GT. TCLMX .OR. (-RELV).GT.TOLNX) GO TO S50
W 1P (RELCA .GT. TOLMX .OR. (-RELCA).GT.TOLMX) GO TO 50
i IP (RELCC .GT. TOLMX .OR. (-RELCC).GT.TOLHX) GO TO 50
L C IF GRADIENTS ARE VERY SMALL, DOUBLE STEP SIZE
- IF (RELCA .GT. TOLMN .CR. (~-RELCA) .GT. TOLMN) GO TO 11
X IF (RELCC .GT. TOLMN .OR. (-RELCC) .GT. TOLMN) GO TO 11
- IHALVE= IHALVE - 1
Ty DR= DR*2.
. C NEVER LET STEP SIZE BECOME LARGER THAN THE ORIGINAL ONF
e IF (DR.LT.DRSAVE ) GO T0 110
- DR= DRSAVE
- IHALVE= 0
e 110 CONTINUE
X C UPDATA PERMEBATE FLOW RATES
OUTASV= CUTA
e OUTBSV= OUTB
50 OUTCSV= OUTC
- OUTA= OUTA ¢+ JA®AUX*L*PI
L
R
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OUTB= OQUTB + JE*AUX*L*PI
OUTC= QUTC + JC*AUX*L*PI

C GET RKEADY FOR NEXT INTEGRATION STEP

I= 1 + 1
R= KDR
C SAVE CURRENT VALUES OF VARIABLFES FCR USE LATER
VSAVE= VR

CASAVE= CAR
CCSAVE= CCR

VR= VRDR
CAB= CARLCR
CCR= CCRDR

C DETERMINE WHETHER ANY OUIPUT AT THIS STEP IS RBEQUIRED
IF(NWRITE .LE. 0) GO TO 140

J= J + 1
IF(J.LT.NWRITE) GO 10 140
J= 0

120 CONTINUE
WRITE(6,130) I, IXCNT, R, CAR, CCR, OUTA, OUTB, OUTC,
& VR, AUX, JA, JB, JC
130 FORMAT (* IN ROSS ',2I3, (/5(1X,E11.4)))
IF(R .EQ. RO) GO TO 150
140 CCNTINUE
IF(R .LT. RO-DR/10.) GO TO 20
C USE LINEAR INTERPOLATION TO FIND VALUES OF CAR,CCR,VR
C EXACTLY AT RO
VR= ((VRDR-VSAVE)/DR) * (RO- (RDk-DR)) + VSAVE
CAR= ((CARDR-CASAVE) /DR) * (RO- (RDR-DR)) + CASAVE
CCR= ((CCRLR-CCSAVE)/LR)* (RO- (RDR-DR)) + CCSAVE
OUTA= ((OUTA-GUTASV)/DR) * (RO- (RDR-DR)) + OUTASYV
OUTB= ((OUIB-OUTBSV)/DR) * (RO- (RDE~DR)) + OUTBSV
OUTC= ((OUTC-OUTCSV)/DR) * (RO- (RDBR-DR)) + OUTCSV
8= RO
IF (NWRITE .EQ. -999 .OR. NWRITE .GT. 0) GO TC 120
150 CONTINUE
C UNSAVE THE ORIGINAL STEP SIZE
DR= DRSAVE
SOUTA= QUTA
SOUTB= OUTB
SO0TC= OUTC

SCAR= CAR
SCCR= CCR
RETORN
END
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SUBROUTINE GETF (CA1,CC1,V,DF,JA,JB,JC,KGETF)

THIS SUBROUTINE CCMPUTFS THE FLUXES FOR THE

REVERSE OSMOSIS PKOGRAM

SEE REPORT BY SMITH AND STARKS ON THE RO UNIT FGR A
DISCRIPTICN OF VARIAELFS

REAL*8 JA, JB, JC, CA1, CC1, V, ¥A1, XC1, CA2BIG,
€ CA2SML, PI2BIG, PI, POSMOT, CA2, JDA, CA3BIG,
& CA3SML, CA3, JE1, CC2, cc3, CEQ2, PI2, CEQ3,
3 P13, DELPI, JB2, CA3P, CA2P, CONC
REAL KA,KC,NF
COMMCN /KOPARM/ TEMP, VISC, DELP, RHO, MCNT2, MCNT3,
& JWRITE
COMMON /BROFIT,/ AKA, AKC, ERE, API, BPI, GAMMA, E, C,
& NP, RATIO
CCMMCN /FASTEGC/ IFLAG
DATA TOLER/0.001/
DATA JPRINT/0/
POSMCT (CONC)= API*TFME*CONC* (1.0+BPI*CONC) *%2
IF(CA1 .LT. 0.C .OR. CA1 .GT. RHC) GO TO 10
IF(CC1 .LT. 0.0 .OR. CC1 .GT. RHC) GO TO 10
IP(V .LT. 0.0) GO TO 10
GO TO 30
10 CONTINUE
IF UNREALISTIC VALUES FRCM ROSS ARE ENCOUNTERED, PRINT
AN ERROR MESSAGE AND DUMP THE MAJOR VARIABLES IN GETF.
THEN RETURN.
WRITE(6,20) CA1,CC1,V
20 PORMAT(' IN GETP ...UNREALISTIC INPUT VALDUES.',

& ' CAl= ',G15.5," Cc1= *,G15.5," V= ',G15.9)
KGETF= 1

IF(JWRITE .LE. 0) JWRITE= 1

GO TO 140

30 CONTINUE
CALCULATE REYNOLDS NUMBER
RE= DF*V/VISC
CALCULATE MASS TRANSFER COEFFICIENTS
KA= AKA*RE®*ERE
KC= AKC*RE**ERE
RESET KGETF TO NON-ERROR CONDITION IF NEEDED.
IF (KGETF .LE. 0) GO TO 40
KGETF= 0
40 CONTINUE
CALCULATE BULK MASS FRACTIONS
XA1= CA1/RHO
XC1= CC1/RHO
IF(IFLAG .BQ. 0) GO TO 190
USE INTERVAL HALVING TO FIND THE LARGEST POSSIBLE VALUE
OF CA2, REMEMBERING THAT (DELP-DELPI) MUST ALWAYS BE
POSITIVE.
CA2BIG= RHO
CA2SHL= 0.
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b C USE CA2 AS A TEMPORARY STORAGE LOCATION FOR NOW
.. CA2= CA1 + CC1*RATIO
3 PI2BIG= PCSMQT(CA2) + DELP
o Dc 60 1= 1,20
: CA2= {(CA2BIG + CA2SML) /2.
v, PI2= POSMQT (CA2)
% 1F (PI2 .GT. PI2BIG) GO TC S0
< CA2SML= CA2
GO TO 60
- 50 CA2BIG= CA2
e 60 CONTINUE
: USE DOUBLLY NESTFD INTERVAL HALVING TO SOLVE FOR
CA2 AND CA3
SET UP LIMITS FOR OUTER LOOP TO FIND CA2
\ CA2SML= CA1
- CA2BIG= CA2
" po 130 I= 1,MCNT2

L)
R
a0n

y CA2= (CA2BIG + CA2SML)/2.
o JCA= KA*(CA2 - CA1)
N C SET UP LIMITS FOR INNER LOOP TO PIND CA3
CA3BIG= CA1
o CA3SMLI= 0.
7o DO 100 II= 1,MCNT3
N CA3= (CA3BIG ¢ CA3SHML) /2.
] JE1= B#RHO* (CA2/CA3 - 1.0)
. CC2= (JB1*XC1+KC*CC1)/ (KC+C* (1.-RHO*C/ (JB 1+RHO*C)))
{ CC3= RHO*C*CC2/ (3B 14RHO*C)
o CEQ2= CA2 + CC2*RATIO
e PI2= PCSMOT (CEQ2)
;; CEQ3= CA3 + CC3*BaATIO
N PI3= POSMOT (CEQ3)
¢ DELFI= PI2 - PI3
JB2= GAMMA®* (DELP - DELPI)
e CA3P= B*RHO*CA2/(JB2 + B*RHO)
T IF(JB2 .LT. 0.0) GO T0 70
N IF(CA3 .GT. CA3P) GO TO 80
AT 70 CA3SML= CA3
N GO TO 90
) 80 CA3BIG= CA3
=T 90 CCNTINUE
e 100 CONTINUE
2N JB= (JB1 ¢ JB2) /2.
s CA2P= (JB*XA1 ¢+ KA*CA1 + B*CA3) /(KA + B)
g IF(CA2 .GT. CA2P) GO 10 110
1 CA2SML= CA2
LA GO TO 120
> 110 CA2BIG= CA2
- 120 CONTINUE
Ty 130 CONTINUE
JA= B*(CA2 - CA3)
4 JC= C* (CC2 - CC3)
2, 140 CONTINDE
N C THIS SECTICN OF WRITE STATEMENTS PROVIDES A DUMP OF NAJOR
'53 C VARIABLES IN GETF
-3
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IF(JWRITE .LE. 0) GO TO 180
JPRINT= JPRINT + 1
IF (JPRINT .GE. JWRITE) JWRITE=-1000

WRITE(6,150)

JPRINT

150 PORMAT (' ENTER GETF ...PASS NUMBER ',I10)

WRITE (6,170)
WRITE(6, 170)
WRITE(6, 170)
WRITE (6,170)
WRITE (6, 170)
WEITE(6, 170)
WRITE (6,170)
WRITE (6,170)
WRITE(6, 170)
WRITE(6,170)
WRITE (6,160)

160 FORMAT(1X,10('."),' LEAVING GETF

ca1, cc1, v, DF, RHO

TEMP, MCNT2, MCNT3, VISC, DELP
JWRITE, JA, JB, JC

AKA, AKC, ERE, API, BPI

GAMMA, B, C, NF, KATIO

RE, KA, KC, DELPI

CA2, CC2, CEQ2, PI2

CA3, CC3, CEQ3, PI3

CA2SML, CA2BIG, CC2SML, CC2BIG
CA3SML, CA3PRIG, CC3SML, CC3BIG

170 FORMAT(S5(1X,G15.5))

180 CGCNTINUE
RETURN
190 CCNTINUE

C TRY BACK SUBSTITUTION

Do 200 1=1,15

CA2L= CA2
CA3L= CA3
CC2L= CC2
CC3L= CC3

CEQ2= CA2 + BATIO*CC2
PI2= POSMOT (CEQ2)
CEQ3= CA3 # RATIO*CC3
PI3= POSMOT (CEQ3)
DELPI= PI2 - PI3
1F (DELPI .GT. DELP) DELPI= 0.3#DELP
JB= GAMNA® (DELP-DELPI)
JA= B* (CA2-CA3)
JC= C* (CC2-CC3)
TOTLJ= JA+JC+JB
CA3= JA/TCT1J
CcC3= JC/TOTLJ
CA2= (TOTLJ®XA1+4KASCA1+B*CA3)/ (KA +B)
CC2= (TOTLJ*XC1+4KC*CC 1+¢C*CC3) / (KC+C)
RELCA3= (CA3-CA3L)/CA3
RELCC3= (CC3-CC3L) cC3
BELCA2= (CA2-CA2L)/CA2
RELCC2= (CC2-CC2L)/CC2
IP(RELCA3 .LT. 0.) BELCA3= -RELCA3
IF(RELCC3 .LT. 0.) RELCC3= -RELCC3
IF (RELCA2 .LT. 0.) RELCA2= -RELCA2
1F (RELCC2 .L1. 0.) RELCC2= -RELCC2
IP (RELCA3 .GI. TOLER) GO TO 200
IF (RELCC3 .GT. TOLER) GO TO 200
IF (RELCC2 .GT. TOLER) GO TO 200
1P (RELCA2 .G1. TOLER) GO TO 200

GC TC 140
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SUBFOUTINE TR

TOBULAR REVERSE CSMOSIS MODEL INTERFACE TO WPE SIMULATOK

| ] PEREMEATE
FEED | TUBOLAR == > 1
] - > REVERSE { CCNCENTRATE
| OSMOSI S | ==——mm———- > 2
I i
PABAMETER QUANTITY

1 NUMBEE OF TUBES

2 OPERATING TEMPERATURE

3 PBFSSURE DROP ACROSS THE MFMBRANE
AT THE INLET

4 PRESSURE DROP DOWN IHE TUB®E

5 DIAMETIER OF TUBE

6 TUEE LENGTH

THE PERNEATE STREAM MUST BE SPECIFIED FIRST
THE CONCENTRATE STREAM MUST BE SPECIFIED SECOND
THE FEED STREAM MUST BE SPECIFIED THIRD
REAL NTPIDT
DIMENSICN PERMN (100)
COMMON /LOOK/ IS¥
COMMON STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,
3 NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
COMMON /TRPARM/ PLEN, DTUBE, NT, JPRINT, JWRITE
COMMCN sPARMTIR, TEME, VISC, DENB, DPZERO, PDROP
IF (NCALL) 10, 80, 90
THERE ARE NO MATERIAL BALANCE CALCULATIONS. HOWEVER, THE
STREAM SPECIFICATICNS ARF CHFCRED FOR CONSISTENT
INPOT/OUTPUT
10 CONTINUE
SOME EEROR CHECKING
IF (ICONFG (3, IUNIT) .LT. 0) GO TO 30
WRITE(6,20) IUNIT, ICONFG (3,IUNIT)
20 PORMAT (6X,'$*$3#ERROR, UNIT',IS5,'. FIRST STRFAN IN',
€ ' CONFIGURATION IS',I5,'. NMUST BE THE PERMEATE',
& ' (OUTPUT).')
NFATER= NFATER ¢ 1
30 IF (ICONFG (4,IUNIT) .LT. 0) GO TO 50
WRITE (6,40) IUNIT, ICONFG (4,IUNIT)
40 PORMAT (6X,'#¢#3#ERROR, UNIT',I5,'. SECOND STREAM IN',
& * CONPIGUBATICN IS',I5,'. MUST BE THE CONCENTRATE',
& ' (OUTPUT).*)
NFATER= NPATER ¢ 1
50 IF (ICONPG(5,IONIT) .GT. 0) GO TO 70
WRITE (6,60) IUNIT, ICONFG(S5,IUNIT)
60 FORMAT (6X,'*****ERROR, UNIT',I5,'. THIRD STREAM IN',
& ' CONFIGURATICN IS',I5,'. MOST EE THE FEED (INPOT).?")
NFATER= NFATER + 1

QNP O |
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70 CONTINUE
RETURN
80 CCNTINUE
C INITIALIZATION SAME AS SIMULATE
PERMN{IUNIT) = C.
RETUEN
90 CONTINUE
C SET UP COMMON VARIABLES
NT= PAR{NPAR)
TENP= EAR(NPAR+1)
DPZERO= PAR (NPAR+2)
PDROP= PAR (NPAR+3)
DTUPE= PAR (NPAR®4)
PLEN= PAR (NPAR+5)
SIMULATE
IPERM= -ICONFG(3,IUNIT)
ICONC= ~ICONFG(4,IUNIT)
IFEFD= ICONFG(5,IUNIT)
GET REALY TO CALL TRSS
KULTRA= -1
CS= STREAM (2,IFEED)
CD= STREAM(3,IFEED)
CC= STREAM (4,IFEED)
FLOW= STREAM (1,IFEED)
PERM= PERMN (IUNIT)
IF (ISW .GE. 1)
& WRITE(6,100) IPERM, ICONC, IFEED, CA, CC, PLOW
100 FORMAT(' 3$$$ TR LEBUG',6G10.3)
CALL TRSS (KULTRA,CS,CD,CC, FLOW,TOTALA, TOTALB,
& TOTALC ,PERN)
PERMN (IUNIT) = PERM
TOTAL= TOTALA + TOTALB + TOTALC
STREAM (3,IPERM) = TOTALA/TOTAL*DENB
STREAM (4,IPERN) = TOTALC/TOTAL*DENB
STREAM (1,IPERN)= TOTAL/DENB
NO SUSPENDED SOLIDS PASS THROUGH TR MEMBRANE
STREAN(2,IPERM) = 0.
CHECK FOR EREORS
IF(KULTRA .LT. 0) GO TO 120
WRITE(6,110) KULTRA
110 FORMAT (* ##**3ERROR IN TR WHILE CALLING TRSS.',
& ' KULTRA=',I5)
NFATER= NFATER + 1
120 CCNTINUE
C GET FLOW RATE OF CONC. BY STEADY STATE MATERIAL BALANCE
STREAM (1,ICONC) = STREAM(1,IFEED)~-STREAM(1,IPERN)
GET CONCENTRATICN OF CONCENTRATE BY COMPONENT BALANCE
Do 130 1=2,4
STREAM (I,ICONC) = (STREAM (I ,IFEED) *STREAM(1,1IFEED) -
€ STREAM(I,IPERM)*STREAM(1,IPFERNM))/STREAN (1,ICONC)
130 CONTINUE
IFP(ISW.EQ.1) WRITE(6,140)IONIT,(STREAN(I,IPERN) ,I=1,4)
K & (STREAM(I,ICONC),I=1,4)
- % 140 PORMAT(®' UNIT',I5,' TR PFRM FLOW=',G10.3,5X,'Ss=',
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SUBEOUTINE TRSS (KULTRA,SS,DS,TC, F, TOTALA, TOTALS,
£ TCTALC,PERM)

THIS SUBROUTINE PERFORMS THE STEADY STATE CALCULATIONS
FOR TUBULAR KEVERSE OSMOSIS MODULES.

THIS ROUTINE ASSOMES CCMPLETE REJECTION OF SUSPENDED
SCLIDS AND HIGH REJECTICN OF DESOLVED SOLIDS.

SER THE REPORT BY ABBOTT AND STERLING ON THE MODIFIED UF/
TUBOLAR RO/ GEL MODEL FOR A DISCRIPTICN OF VARIABLES

REAL NTPIDT
REAL*8 RE, SCA, SHA, KA, SCC, SHC, KC
COMMCN /TRPARM/ PLEN, DTUBE, NT, JPRINT, JWRITE
COMMON /TRFIT/ GAM1, GAM2, GAMINF, API, B, C, DCX,
& ADAX, BDAX, CDAX
COMNGN /PARMTR/ TEMP, VISC, DENB, DPZERO, PDROP
COMMON /CTIME/ TIME, FTIME, DT
DATA PIE/3.141593/
COMPUTE NT TIMES THE CIRCUMFERENCE OF ALL TUBES
NTPIDT= IT*DTUBE*PIE
COMPUTE THE CROSS-SECTIGNAL AREA OF A TUBE
AREA= PIE*DTUBE*LTUBE/4.
COMPUTE THE VELOCITY THROUGH A TUBE
V= P/ (AREA*NT)
CA= DS
COMPUTE THE WEIGHT FRACTIOR OF TDS
XA1= DS/DENB
COMPUTE THE WEIGHT FRACTION OF TOC
XC1= TC/DENB
COMPUTE THE REYNOLDS NUMBER
RE= DTUBE#V/VISC
RE913= 0.0096*RE*%*.913
XXX= XA1%#100.
DD= ALAX#XXX
IF (CDAX*XXX .LT. 174.) DDD= ADAX#*XXX + BDAX*EXP(-CDAX#*
DAX= DDD#1.E-10
IF (CAX .NE. 0.) GO TO 10
KULTRA= 1
GO TO 100
10 SCA= VISC/LAX
IF (SCA .GT. 0.) GO TO 20
KULTRA= 2
GO TO 100
20 SHA= RE913%(SCA*+*.346)
KA= SBA*CAX/DTUBE
IF(DCX .NE. 0.) GO TO 30
KULTBA= 3
G0 TC 100
30 SCC= VISC/DCX
IP(SCC .GT. 0.) GO TO 40
KULTRA= 4
GO TO 100
40 SHC= RE913% (SCC**.346)

152
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KC= SHC*[LCX/CTUBE
DPBAR= DPZERO - 0.5%PDROP
POS= API®TEME*CA
IF (POS .LE. CPBAR) GO TG 50
KULTRA= S
GC TC 100
50 GAMMA= GAMINF
IF (GAM2%*PERM .LT. 174)
& GAMMA= GAMINF + (GAM1 - GAMINF)*EXP (~GAM2%*PERN)
TERM1= GAMMA*DPBAR/DENB + KA
TERM2= GAMMA*POS/DENB + B + KA
IF (TERM2 .NE. 0.) GO TO 60
KULTRA= 6
GO 10 100
60 TERM12= TERM1/TERM2
TOTALB= PLEN*GAMMA* (DPBAR - POS*TERM12) *NTPIDT
PERM= PERM + (TOTALB/DENB) *DT
TOTALA= B*DS*PLEN*TERM12%#NTPIDT
TOTALC= C#*TC/(C + KC) % (KC*PLEN*NTPIDT + TOTALB/DENB)
1F (TOTALA .LT. 0.) WRITE(6,70) TOTALA, 3, TERM12
70 FORMAT (' *****TOTALA= ',G12.5,' B= ',G12.5,
& *  TERM12= ',G12.5)
IF (TOTALB .LT. 0.) WRITE(6,80) TOTALB,GAMMA,POS,TERN12
80 FORMAT (* ***%*TOTALB= ',G12.5,' GAMMA= ',G12.5,
& ' POS= ',G12.5,' TERM12= ',G12.5)
IP(TOTALC .LT. 0.) WRITE(6,90) TOTALC,C,KC
90 PORMAT (* #***#TOTALC= ',G12.5,' C= ',G12.5,
&' KC= ',G12.5)
100 IF(JPRINT .LE. 0) RETURN
JERINT= JPRINT - 1
WRITE(6,110) Ss, DS, TCc, F, DPZERO, PDROP, PLEN, DT,

& DTUBE, NTIPIDT, DENB, NT

110 PORMAT (' §S=1',G613.5," DS=?,G13.5,! TC=t',
* G13.5,? F=',G13.5/' DPZERO=',G12.5,"' PDROP=',
1 G13.5,°* PLEN=',G13.5,! pr=¢*,G13.5/* DTUBE=',
2 G13.5,' NTPIDT=',G13.5,* DENB=!',G13.5,' NT=1,
3 613.5)

WRITE (6, 120) GAN1, GAM2, GAMINF, API, B, C, DCX, ADAX,
& BDAX, CDAX
120 FORMAT(® GAM1=',G13.5,"! GAM2=',G13.5,"' GAMNINF=?,
* G13.5,° B=',613.5," C=',G13.5/"' RATIO=',
1 613.5,? DCX=',G613.5," ADAX=',G13.5," BDAX="',
2 G13.5," CCAX="',G13.5)
WRITE(6,130) TEMP, VISC, AREA, V, CA, XA1l, XC1, RE
130 FORMAT (' TENP=',G13.5," VIsC=',G13.5," AREA=',

* G13.5,° V=',G13.5/" CA=',G13.5," =,

1 613.5," XC1=',G13.5," RE=',G13.5)
WRITE(6,140) DAX, SCA, SHA, KA, DCX, SCC, SHC, KC

140 PORMAT (' DAX=',G13.5," SCA=1,613.5," SHA="',

* G13.5," KA=',G13.5/" DCX=',G13.5," scc=",

1 613.5," SHC=',G13.5, ' KC=*,G13.5)
WRITE (6, 150) DPBAR, POS, TERM1, TERN2, TERNM12,

3 TOTALA, TOTALB, TOTAIC

150 FORMAT (* DPBAR=',G13.5,"' POS=',G13.5,* TFRMI1=',

..........
...................
.........




1 G13.5,' TERM2=',G13.5/' TERM12=',G13.5,' TOTALA=*,
2 G13.5,' TOTALB=',G13.5,' TOTALC=',G13.5)
160 RETUERN
END
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T, SUBRCUTINE UV

¥ C

e C THIS IS THE ULTRAVIOLET C7ZONATION iNTERTACE
- o

N C PURGE

e C FFED i [ >

e C 1 ========>| ULTRAVICLET |

C | OZCNAT ION { EPFLUENT

. C OZONE ] | === > 2

o c s > |

- C

- C PARAMETER QUANTITY

o C 1 INITIAL 1SS CONC.

. C 2 INITIAL TDS CONC.

4T C 3 INITIAL TCC CONC.

) C 4 INLET GAS PHASE OZONE TO AIR MASS RATIO
R o 5 VCLUMETRIC GAS FLOW RATE

e C 6 PRECONTACTOR FLAG (0= NO PRECONTACTOR)
Wy C 7 NUMBER OF STAGES

C 8 AREA CF A CONTACTOR

e C 9 AREA OF THE PRECONTACTOR

- C 10 EEIGHT OF A STAGE

N C 1 FEFD TEMEERATURE

% C 12 OPERATING PRESSURE

NN C THE FEED STREAM MUST BE SPECIFIED FIRST
{ C THE EFFLUENT STREAM MUST BE SPECIFIED SECOND

o DIMENSION ZOUT (10), CZOUT(10), CIOUT(10), SS(10),
T & DS(10), DSS(10), DDS(10)

on CCMMCN /DELTAT/ LTUV

N COMMON /MATTOC/ TOCRCT

=, COMMON /MATBAL, BALNCE (4), AMTIN(4), AMTOUT (4)

: CCMMON /CTIME/ TIME, PFTIME, DT

N COMMON STREAM(4,100), ICONPG (8, 100), PAR(500), NPAR,
-+ & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)

COMMCN /LGCK/ ISW

Tl
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'zﬁ COMMON /STAGES/ NSTAGE, PRECON
5% COMMON /MATDIS,/ MATCAL
- COMMON SUVPARM/ CAREA, PAREA, H, RHO, PRESS, TEMP, NHR
NN COMMON /STGSAV/ ZOUT, CZOUT, CTOUT, SS, DS
sl IF(NCALL) 10, 100, 110
N 10 CONTINUE
s C INITILIZE
M PRECCN= PAR(NPAR+5)
ot NSTAGE= PARB (NPAR+6)
3 NEN= NSTAGE
N IP (PEECON .NE. 0.0) NNN= NSTAGE + 1
e IF (MATCAL .MNE. 0) GO TO 30
N DO 20 I= 1, NNN
Ro CZ0UT(I)= 0.
> ZOUT (I)= 0.
N SS(I)= PAR (NPAR)
- DS(I) = PAR (NPAR+1)
'ji 20 CTOUT(I)= PAR (NPAR+2)
CA
A~
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30 CCNTINOE
FLAG= O.
IF (PRECON .NE. 0.0) FLAG=1.
VCON= CAREA*H
VPRE= PAREA*H
BALNCE(1) = BALNCE(1) + NSTAGE*VCCN+FLAG*VPRF.
DC 40 I= 1, NSTAGE
EALNCE (2)= BALNCE(2) + VCON*SS(I)
BALNCE (3) = BALNCE (3) + VCON*DS(I)
EALNCE (4) = BALNCE (4) + VCON*CTOUT (I)
40 CONTINUE
1F (PRECON .EQ. 0.0) GO TC 50
EALNCE(2) = BALNCE (2) + VPRE#SS (NSTAGE+1)
BALNCE (3)= BALNCE(3) + VPRE*DS (NSTAGE+1)
EALNCE (4) = BALNCE(4) + VPRE*CTOUT(NSTAGE+1)
50 CONTINUE
IF (ICORFG(3, IUNIT) .GT. 0) GO TG 70
WRITE (6,60) IUNIT, ICCNFG(3,IUNIT)
60 FORMAT (6X,'****ERROR, UNIT',I5,'. FIRST STREAM IN',
& ' CONFIGUBRATICN 1S',15,'. MUST BF THE FEED.')
NFATER= NFATER + 1
70 IF (ICONFG (4,IUNIT) .L1. 0) GO TO 90
WRITE(6,80) IONIT, ICONFG (4,IUNIT)
80 FORMAT (6X,'***#%ERROR, UNIT',IS5,'. SECOND STREAM 1N',
£ ' CONFIGURATION IS',I5,'. MUST BE THE EFFLUENT.')
NFATER= NFATER ¢+ 1
90 CCNTINUE
100 CONTINUE
RETURN
110 CONTINUE
DTOV= DT
C ALL COMMON VARIABLES ARF ALREADY SET 0P
C BEGIN SINULATIGCN
IFEED= ICONFG (3,IUNIT)
IPROD= ~ICONFG (4,IUNIT)
CZIN= 0.0
CTIN= STREAM (4,IFEED)
2IN= PAR (NPAR+3)
G= PAR(NPAR+4)/NSTAGF
CAREA= PAR (NEAR+7)
PARFA= PAR (NPAR+8)
H= PAR(NPAR+9)
TENP= PAR(NPAR+10)
PRESS= PAR (NPAR+11)
F= STREAM (1,IFEED)
IF (ISW .GT. 1) WRITE(6,120) F, CTIN
120 Poauar('ouv...aaroaz CALL TO UOZONE,FLOW=',G10.3,
& TOC CONC.=',G10.3)
Tocacr- 0.
CALL UOZONE (ZIX,CZIN,CTIN,G,F,20UT,CZ0OUT,CTOUT)
C DETERMINE IP PRE-CONTACTOR IS PRESENT
NEN= NSTAGE
IF (PRECON .NE. 0.0) NNN= NSTAGE + 1
STREAM (4,IPROD) = CTOUT (NSTAGE)




......................

STREAM(1,IPRQOL)= F
AMTOUT (4) = AMTOUT (4) + TOCRCT
IP(1SW .GT. 1 )WRITE(6,130) F, CTCOT (NSTAGE)
130 FORMAT (' UV...AFTER CALL TO UOZONE, FLOW=',G10.3,
& 5X,*TOC CONC.=',G10.3)
VPRE= PARFA*H
VCCN= CAREA%H
DO 160 I= 1 ,NNN
IF(I .EQ. 1) GO TO 140
VCL= VCON
$S0= SS(I-1)
DSO= DS (1-1)
GC TO 150
140 CONTINUE
VOL= VPRE
$S0= STREAM (2,1FFED)
DSO= STREAM (3,IFEED)
150 CCNTINUE
DDS (I)= F* (DSO-DS (I))/VOL
DSS (I)= F*(SSO-SS(I))/VOL
160 CONTINUE
DO 170 I= 1, NNN
SS (I)= SS(I) + DSS(I)*DT
DS(I)= DS(I) + DDS(I)*DT
170 CCNTINUE
STREAM (2,IPROD)= SS (NNN)
STREAM (3, IPROD) = DS (NNN)
IF (ISV .EC. 1)
& WRITE(6,180) (SS(I),I=1,NNN), (DS(I),I=1,NNN)
180 FORMAT(® UV*,T10,8G10.3,/,110,8G10.3)

RETUEN
END
&
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e SUBROGTINE UOZONE (ZINO,C ZINO,TOCINO,G,F,Z00T,CZOUT,
t £ TOCOUT)
e C
Y C THIS SUBROUTINE PERFORNS THE STEADY STATE CALCOLATIOS
ho C FOR THE ULTRAVIOLET OZONATION UNIT
o g C
- REAL KLA, KHENRY, KRATE, KDCOMP
. COMMON /DELTAT/ DT
R CONNON ,/UVL/ OVLITE
o CONMON /OPIT/  KHENRY, BCOZ, BTOC, KRATE, KDCOMP,
R & POZD, UVEFCT, ALPHA, EN, QPRIME
) CONMON /OZOPER/ CAREA, PAREA, H, RHO, PRESS, TENP, NWR
s DIMENSION ZOUT(10) , CZOUT(10), TOCOUT(10), DCZBR (10),
b & DTOCBR (10)
BN COMNON /STAGES/ NSTAGE,PRECON
Y DATA IPIRST/0/
eid EQUIVALENCE (NNN,IEND)
v NNN= NSTAGE
W IF(PRECON .NE. 0.0) NNN= NSTAGR ¢+ 1
£ IF(IFIRST .NE. 0) GO TO 20
L C FOR PIRST ITERATION, SET UP INLET GAS CONCENTRATION
o C TO PRE-CONTACTOR
b T~ IPIRST= 1
e T200T= 0.
] DO 10 I= 1, NSTAGE
A 10 T20UT= TZOUT ¢ ZOUT(I)
~ ZBAR= TZOUT/NSTAGE
0NN 20 CONTINUE
Y UVLITE= O.
o C CALL POR PRE-CONTACTOR
ey CALL USTAGE(ZBAR, CZINO, TOCINO, NSTAGE*G, P,
‘ € ZOUT (NSTAGE+1), DCZBR(NSTAGE+1), DTOCBR (NSTAGE+1),
e & PAREA, CZ0UT(MSTAGE+1), TOCOUT(NSTAGR+1))
X TZOUT= 0.
oA C SPET UP UV RADIATION EPPECT ON REACTION RATE CONSTANTS
e OVLITE= DVEFCT
— DO 60 I= 1, NSTAGE
o C SET UP INPUTS TO THE NEXT STAG®
O ZIN= ZINO
e N= I -1
PN IF(I .¥E. 1) GO TO 30
(0 N= NSTAGE + 1
: IF (PRECON .BQ. 0.0) GO TO 40
i 30 CONTINDE
o CZIN= CZOUT (W)
R TOCIN= TOCOUT (W)
Y GO T0 S50
W 40 CONTINUE
X CZIN= CZINO
- TOCIN= TOCINO
AU 50 CONTINOE
o CALL USTAGE(Z2IN, CZIN, TOCIN, G, P, ZOUT(I), DCZBR(I),
‘:ﬁ £ DTOCBR(I), CAREA, CZOUT(I), TOCOUT (I))
44
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TZOUT= TZOUT + ZOOUT (1)

- 60 CONTINUE

E C DETERMINE NEXT GAS CONCENTRATION TO THE PRE-CONTACTOR
X ZBAR= TZOUT/NSTAGE

- po 70 I= 1, IEND

-4 C TAKE ONE INTEGRATION STEP

o CZOUT (I) = CZOUT (I) + DCZBR(I) *DT

Lot 70 TOCOUT (I)= TOCOUT(I) ¢ DTOCBR(I) *DT

N RETURN
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SUBROUTINE USTAGE(ZIN,CZIN,TOCIN,G,F,20UT,DCZ,DTOC,
& ARFA,CZOUT,TOCOUT)
C
C THIS SUBROUTINE PERFORMS THF ST®ADY STATE CALCULATIONS
C PFOR A SINGLE UV STAGE
C
REAL KLA, KHENBY, KRATE, KDCOMP
EQUIVALENCE (DCOMP,DECOMP), (NSTWRT,NWRITE)
COMMON /DELTAT/ DT
CCMMCN /MATTOC/ TOCRCT
COMMON JUVFIT/ KHENRY, ECOZ, ETOC, KRATE, KDCOMP,

& EOZD, UVEFCT, ALPHA, EN, QPRIME
CCMMCN ,UVL/ UVLITE
COMMON SUVPARM/ CAREA, PAREA, H, RHO, PRESS, TEMP,
& NWRITE

CCMMCN /GASLAR/ RGAS
DATA JWRITE 0/
C USE IDEAL GAS LAW FOR DETERMINING GAS DENSITY
RHOGAS= PRESS/TEME/RGAS
V= AREA®*H
CZ= CZOUT
TOC= TOCOUT
C DETERMINE LIQUID PHASE RESIDENCE TINME
TAU= V/F
YIN= ZIN/ (1.0 +Z1IN)
GMOLES= G*RHOGAS* (1. -YIN)
AUX= RHO/KHENRY
C DETERMINE M1 (H)
XYZ= EXP (-RHC*CPRIME* AREA*G*#*(1.-EN) /
& (KHENRY*V#*RHOGAS) )
C SET UP REACTION RATE CCNSTANIS
RATE= KRATE* (1. + UVLITE)*(1. ¢ UVLITE)
DRATE= KDCOMP#(1. ¢ DVLITE)*(1. ¢ UVLITE)
C BACKWARD DIFFEBRENCE INTEGRATION OF CZ EQUATION--REQUIRES

C ALGEBRAIC MANIPULATIOCNS.
D1= GHOLES* (1.-XYZ)/V
D2= 1./TAU
D3= 0.

IF (TOC .GT. 0.0) D3= ALPHA*RATE*TOC*ETOC
1F(C2.G1.0.0) GO TO 10

AECOZ= 0.
BECOZ= 0.
ABOZD= 0.
BEOZD= 0.
GO TO 20

10 CONTINUE
C APPROXIMATIONS RESULTING FROM FIRST ORDER TAYLOR
C SERIES EXPANSION
ABCOZ= (1.-ECOZ) *CZ**ECOZ
BECOZ= ECOZ$CZ** (ECOZ~1.)
AEOZD= (1.-EOZD)*CZ**EOZD
EEOZD= EOZD*CZ*#* (EOZD-1.)
20 CONTINUE
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D4= (D1*ZIN ¢+ D2*CZIN - D3*AECOZ - DRATE®AEOZD) *DT
D5= ~-(D1,AUX ¢ D2 + D3*BECOZ + DRATE#*BEQZD) *DT
CZNEW=(CZ+D4) / (1.-D5)

ZTOP=ZIN*XYZ¢+ (1.0-XYZ) *CZNEW/AUX

C CALCULATE TIME DERIVATIVE OF OZONE CONCENTKATION
DCZ= (CZNEW-CZ) /DT
TCREAC= 0.

IF (TOC .GT. 0.0) TCREAC= RATE% (TOC**ETOC) *(CZ#**ECOZ)
C CALCULATE TIME CERIVATIVE OF TOC CONCENTRATION
DTOC= (TOCIN-TOC)/TAU - TCREAC
TOCRCT= TOCRCT # TCREAC*V*DT
Z0UT= ZTOP

C DETERMINE IF ANY CUTPUT IS NECFSSARY AT THIS STEP
IF (NWRITE .LE. 0) GO TO 50
JWRITE= JWRITE + 1
IF (JWRITE .LT.

NWRITE) GO TO 50
30 CCNTINUE
JURITE= 0
WRITE(6,40) ZIN, CZIN, TOCIN, G, F, ZOUT, AREA, CZO0UT,
& TGcCOUT, V, CZ, TOC, TAU, GMOLES, ZUX, XYZ,
& RATE, DRATE, UVLITE, TCREAC, DCZ, DTOC, DT,
8 D1, D2, D3, D4, DS, AFCOZ, BECOZ, AEOZD,
& BECZD ,CZNEW
40 PORMAT(* IN USTAGE', (/1X,8E12.4))
50 CONTINUE
RETURN
END
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SUBROUTINE HC

THIS 1S THE HYPOCHLORINATION INTERFACE

CALCIUN ! I
HYPCCHLORITE | HYPOCBLORINATION | EFFLUENT
------------ > |=======—===> 2
FRED | UNIT | (OUTPUT)
1 ——mmmmme- >1 I
PARAMETER QUANTTTY

pH O TEE OUTPUT

INITIAL CHLORITE IN THE HC UNIT
INITIAL 1SS CONC.

INITIAL IDBS CONC.

INITIAL TOC CONC.

FEED RATE OF CALCIUM HYPOCHLORITE
VCLUME OF HYPOCHLORINATION UNIT
CONC. OF CAOCL2 FEED

e XeNe e NeNe Rz Ko Nz Ne Ne N e Ne e e Re e Ne Ko Ke!
DI NS WN

THE FEED STREAM MUST BE SPECIFIED FIRST
C THE EPFLUENT STREAM MUST BE SPECIFIED SECOND
REAL*8 HOCLD, CCLD, PH1, F1, FIN, V, ALPHA, RD, KEQ,
& CAOCL2, PHI, BCCLI, OCLI, CLI, FAC
REAL MWHOCL, MWOCL
COMMCN /HCSAV2,/ MWHOCL, MWOCL, RHO
CCMNON /MATEAL/ EALNCE(4), AMTIN(4), AMTOUT(4)
COMMON /CTIME/ TIME, FTINE, DT
COMNON STREAM(4,100), ICONPG(8,100), PAR(500), NPAR,
(A NCALL, IUNIT, NFATER, NS, NEQ, DESC(S)
COMMON /HCSAVE, PHI, HOCLY, OCLI
COMMCN /HCPARN/V, ALPHA, RD, KEQ, CAOCL2, JWRITE, MCNT
COMMON /HCSTOR/ SS, DS, TOC
CONMON /MATDIS/ MATCAL
FIN= PAR(NPAR+5)
V= PAR(NPAR+6)
CAOCL2= PAR (NPAR+7)
IFP(NCALL) 10,70,80
10 PHI= PAR(NPAR)
1F (SATCAL .NE. 0) GO TO 20
SS= PAR (NPAR+2)
DS= PAR(MPAR+3)
TOC= PAR (NPAR+4)
FAC= PAR (NPAR+1)
OCLI= (FAC*EHO/1000000.)/((10.%* (-PHI)/KBEQ)*
e MWHOCL +MWOCL)
HOCLI= (OCLI*10.%#* (- PHI))/KEQ
20 CCNTINUE

BALNCE(1)= BALNCE(1) + V
EALNCE(2) = BALNCE (2) + V=SS
BALNCE(3) = EALNCE(3) + V*DS
EALNCE (4)= BALNCE(4) + V*TOC
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IF (ICONFG(3,IUNIT) .G1. 0) GO TO 40
WRITE(6,30) IUNIT, ICCNFG(3,1UNIT)
30 PORMAT (6X,"'**** ERROR, UNIT',IS5,' PIRST STREAM IN',
& °'CONFIGURATION IS',I5,*'. MOST BE THE FEED.')
NPATER= NFATER + 1
40  IF (ICONFG(4,IUNIT) .LT. 0) GO TO 60
WRITE (6,50) IUNIT,ICONFG (4,I0NLT)
50 PORMAT (6X, '#%%+% ERROR, ONIT',I5,'. SECOND STREAM IN',
& ' CONFIGURATICN IS',15,'. MUST BE THE EFFLUENT.')
NFATER= NFATER + 1
60 CONTINUE
THE HCSS ROUTINE EXPECTS THE TOTAL CHLORINE DEMAND, RD,
TO BE EXPRESSED IN MOLAR UNITS. SIMILARLY FOR ALPHA

AS ENTERED IN THE INPUT LCATA, RD IS IN TERMS OF PARTS PER
MILLION. ALPHA IS IN TERMS OF FRACTIONAL PARTS PER MILLI
THE FOLLOWING SECTION OF CODE RE-COMPUTES ALPHA AND RD
A MOLAB PASIS.
HOCLD= (RD*ALPHA®RHO)/(1000000.*MWHOCL)
OCLD= (RD*RHO/1000000. — HOCLD*MWHOCL)/MWOCL
RD= HGCLC + OCLD
ALPHA= 0.
IF(RD .GT. 0.) ALPHA= HOCLD/RD
70 CCNTINUE
RETURN
80 CGNTINUE
IPEED= ICONPFG (3, IUNIT)
IPROD= -ICONFG (4,IUNIT)
FP1= STREAM (1,IFEED)
PH1= 7.0
CALL HCSS(P1,FIN,PH1)
FAC= (HOCLI*MWHOCL+OCLI*MWOCL)/RHO*1000000.
DSS= (P1¢STREAM(2, IFEED) - (F1+FIN)*SS)/V
DDS= (P1%STREAN(3,IFEED) - (F1¢FIN) *DS)/V
DTOC= (F1#STREAN (4,IFEED) - (F1+FIN)*TOC)/V
SS= SS ¢+ [SS*DT
DS= DS ¢+ DDS*DT
T0C= TOC ¢ DIOC*DT
STREAN (1,IPROD)= F1 + FIN
STREAAM (2,IPROD)= SS
STREAM (3,IPROD) = DS
STREAN(4,IPROD) = TOC
PAR (NPAR+1)= FAC
PAR (NPAR) = PHI
RETURN
END
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Iy SUBROUTINE HCSS{F1,PIN,PH1)

N c
e C THIS SUBROUTINE PERFORMS THE STEADY STATE HYPOCHLORINATION
12 C CALCOLATIONS

&; C SEE THE REPORT BY SMITH AND STARKS ON THE HC UNIT FOR A
}? C DISCRIPTION OF VARIABLES

A C

REAL*8 V, ALPHA, RD, KEQ, CAOCL2, PHI, HOCLI, OCLI,

A & H1, H, OH, OH1, F1, F2, PH1, FIN, SUM, DSUHM,
& & HOCLBG, HOCLSM, HOCL, OCL, HOCLP, ATERM,
Ry & BTERM, CTERM, X, RADCL, HNEW
o COMMON /HCPARM/V, ALPHA, RD, KEQ, CAOCL2, JWRITE, MCNT
' COMMON /HCSAVE/ PHI, HOCLI, CCLI
\ COMMON /CTIME/ TIME, FTIME, DT

'~ EQUIVALENCE (JERROR,JWRITE)

o DATA JERRCT/Q/
A Hi= 10.0%* (-PH1)

iy H= 10.0%* (-PHI)
-~ OH1= 1.B-14,/H1

, CH= 1.E-14/H

X3 F2= F1 + FIN

” C BEGIN SOLUTION
g SUM= HOCLI + OCLI
N DSUM= (2.*FPIN*CACCL2~F 1#RD~F2%*SUN) /V
» SUM= SUM + DSUM#DT
{ HOCLBG= SUM

. HOCLSN= 0.0
AT DO 60 I= 1, MCNT

) HOCL= (HOCLBG+BOCLSHN) /2.

. C ATERM, BTERM, AND CTERM ARE THE COEFFICIENTS USED IN THE
e C SOLUTION OF X

ATERN= H + (F1%H1 ¢ 2.%FIN*CAOCL2 - F2*HOCL -

& & F2*H - ALPHA®*RD*F1) *DT/V
T4 BTERM= -F2#DT/V
R A CTERM= OH+ (F1#OH1+2.*FIN*CAOCL2-F2%0H)*DT/V

31 RADCL= ((CTERM ¢+ ATERN) *(CTERM ¢ ATERM) -

. & 4.0% (ATERN*CTERN - 1.E-14))
s IF(RADCL .GE. 0.0) GO TO 10
b C HOCL IS T00 SHNALL

GC TO 20

o 10 CONTINOE

"y X= (-(CTERM¢ATERM) ¢DSQRT (RADCL))/2./BTERN
(ol HNEW=  ATEEN+BTERM*X

T C CHECK FOR UNREALISTIC VALUES OF H¢ AT TINE T¢DT
T IF (HREW.LE.0.0) GO TO 30

v OCL= KEQ®*HOCL/HNEW

i C DETERMINE HOCL®', THE CHECK ON ASSUMED VALUE OF HOCL
L HOCLP= SUM-OCL

™ IP (HOCL .GT. HOCLP) GO TO 30
ol 20 HOCLSM= HOCL

' M GO TO 40

%\ 30 HOCLBG= HOCL

g, 40 CCONTINUE
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IF (JERROR .LE. 0) GO TO 60
C DETERMINE IF ANY WRITING IS TO BE PERFORMED

& JERRCT= JERRCT + 1

- 1F (JERRCT .LT. JERROR) GO TO 60

K WRITE(6,50) I, TINE, HOCL, HOCLP, OCL, HNEW, X, RADCL,
N & ATERM, BTERM, CTERN, HOCLBG, HOCLSM, H, OH
» 50 FORMAT(® IN HYPOCL...I= ',I5,(/1X,5G15.5))

60 CCNTINUE
C UPDATE VALUES TG TIME T+CT
N HOCLI= HOCL
Yo OCLI= OCL
<5 PHI= -DLOG10 (HNEW)
N RETURN
- END

oy

.
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i . SUBROUTINE SK

: o

o C SIMOLATION OF STREAM SINK

o~ C

= C
b’ C INBUT l |

N C STREAMS | |

C 1-5 —=m—————- > SINK |

oS g : :
,?l- c

o C THERE ARE NO PARAMETERS

S COMMON /LOOK/ ISH
N CCMMCN STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,
W3y & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
N COMMON /MATBAL,/ BALNCE (4), AMTIN(4), AMTOUT (4)

N COMNCN /CTIME/ TINE, FTIME, DT
b C ASCERTAIN IP READ LATA, INITIALIZE OR SIMULATE
" IF (NCALL) 10, 20, 30

C RETURN IF MATERIAL BALANCE CALCULATIONS

N 10 RETUEN

o C THERE ARE NO INITIALIZATION CALCULATIONS

N 20 RETURN
Nis C SINULATE CALCULATIGCNS CONSIST ONLY OF MATERIAL BALANCE
N o EQUATIONS
( 30 po 50 1=3,7
o~ J=ICONFG (I, IUNIT)

% IF(J .EQ. 0) GO TO 60

by F= STREAM(1,J)
Yﬁ ANTOUT (1) = ANTOUT(1) ¢+ F*DT

L DO 40 L=2,4

40 AMTOUT (L)= AMTOUT (L) + FP*STREAM(L,J) *DT

i 50 CONTINDE

- 60 IP(ISW.EQ.1) WRITE(6,70) (AMTOUT (I),I=1,4)
™o 70 FORMAT(* UNIT',15,' SK TOTALS FLOW=', G10.3,5X,
Ry & *'ss=',G10.3,5X,'DS=',610.3,5X, 'TOC="*,G10.3)
- RETUBN

Y END
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SUBKOUTINE SENSCR

THIS SUEROUTINE SENSES A ONIT PARAMETER Ok A STREAN
ELEMENT AND PRODUCES TEE TIME INTEGRAL OF THE ERROR

MEASURED [ | OUTPUT
* % x x ¥ * >| SENSOR I * * = % x x>
VALUE | | (TO CCNTROLLER)
l |
PARAMETER QUANTITY

UNIT OR STREAM NUMBER
PARANETER OR ELEMENT NUMBER
INITIAL OUTPUT VALUE
INTEGRATION TIME CONSTANT, TAU
IF TAU IS EQUAL TO ZERO, THEN THE VALUE IS RETURNED
IF TAU IS NON-ZERO, THEN
(NEW VALUE - OLD OUTPUT VALUE)/TAU
IS INTEGRATED AS THE NEW OUTPUT VALUE
COMMCN /LOCK; 1ISW
DATA IGET/'G'/
COMMON STREAM (4,100), ICONFG(8,100), PAR(500), NPAR,
g NCALL, IUNIT, NPATER, NS, NEQ, DESC(5)
COMMCN /CTIME/ TIME, FTIME, DT
IF (NCALL) 10,20,30
NO NATERIAL BALANCE CALCULATIONS
10 RETUBN
20 CONTINGUE
30 CONTINUE
I= PAR(NPAR)
J= PAR (NPAR+1)
CALL GETPUT(IGET,I,J,R)
C= PAR(NPAR+2)
TAU= PAR (NPAR+3)
IF (TAU.EQ.0.0) GOT0O50
DC= (R~C) /TAD
IF (ISR .GT. 0)
& WRITE(6,40) I, J, C, TAU, DC, C, R
40 PORMAT(* IN SENSOR ', (8G15.5,/1X))
C= C + DC*DT
GO TO 60
50 C= R
60 PAR(NPAR+2)=C
RETURN
END

E W N —
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N SUBROUTINE MANIP
£ C
250 C THIS SUBROUTINE IS USED TO CHANGE THE VALUE OF A PARAMETER
S C OF A UNIT, IE. INCREASE A PUMP OR AN OVERFLOW FLOW RATE
_:,,"-\ C
RN C
o c VALUE | | CCNTROLLED
3 C * * ¥ % & % % * >| MANIPULATOR |* * * * & * x >
o C (FROM CONTROLLOR) | { PARAMETER
= C [ [
SR C
-2 C PARAMETER QUANTITY
o C 1 NUMBER OF UNIT TO MANIPULATE (NEGATIVE)
N c 2 PARAMETER NUMBER
. C 3 OUTPUT VALUE
i o 4 UPPER LIMIT
NS C 5 LCWER LIMIT
Sy REAL LOVAL
Npd COMMON /LCOK/ 1ISW
DATA IPUT/'P'/
- COMMON STREAM (4, 100), ICONFG (8,100), PAR(500), NPAR,
AW & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
o IF (NCAIL) 10,20,30
7 10 RETURN
o 20 CONTINUE
{ 30 CONTINUE
o ITEN= PAR (NPAR)
N IF(ITEN .LT. 0) GO TO 50
e WRITE(6,40) ITEM, IUNIT
- 40 FORMAT(* IN ROUTINE MANIP...CAN ONLY NMANIPULATE®,
- & ' EQUIPMENT....YOU HAVE SPECIFIED STREAM NUMBER',I10,
. & '. CURRENT UNIT NUMBER IS',I10)
o NFATER= NFATER ¢ 1
N 50 CONTINUE
e J= PAR (NPAR+1)
:ﬁz VALUE= PAR (NPAR+2)
N HIVAL= PAR(NPAR+3)
kN LOVAL= PAR (NPAR+4)
A4 IF(VALUE .GT. AIVAL) VALUE= HIVAL
3 IF(VALUE .LT. LOVAL) VALUE= LOVAL
o~ IF (ISW .GT. 0)
s & WRITE(6,60) ITEN, J, VALOE, HIVAL, LOVAL
Y 60 FORMAT(®' IN MANIP ', (8G15.5,/1X))
o PAR (NPAR+2)= VALUE
AL CALL GETPUT(IPOT,ITEM,J, VALUE)
e RETURN
oA END
N
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SUBROUTINE BINARY

THIS SUBROUTINE IS USED TO SIMULATE A BINARY CONTROLLER

FROM | 1 70
* & % & £ % > BINARY |* * * * *x & % >
SENSOR { CONTBECLLER | MANIPULATOR
| }
PARANETER CCNTENT

SENSOR NUMBER
MANIPULATOR NUMBER
LOYER SET POINT VALUE
UPPER SET POINT VALUE
VALUE OF THE CONTROLLED VARIABLE
UPPER LIMIT OUTPUT VALUE
LOWER LIMIT OUTPUT VALUE
OPERATICN MODE (NEGATIVE= AUTOMATIC,
PCSITIVE= OUTPUT VALUE FOR MANUAL MCDE)
REAL LOWSET, LCVAL
COMMON STREAM (4,100), ICONFG (8,100), PAR(500), NPAR,
& NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)
COMMCN/LOCK/ISH
DATA IGET, IPUT/'G', 'P'/
IF(NCALL) 10, 20, 30
10 RETUBN
20 CONTINUE
30 CONTINUE
ISEN= PAR(NEAR)
IMAN= PAR(NEAR®1)
LOWSET= PAR (NPAR+2)
HISET= PAR (NEAR+3)
VALUE= PAR(NPAR+4)
HIVAL= PAR (NPAR+5)
LOVAL= PAR (NPAR+6)
AMODE= PAR (NPAR+7)
IF (AMODE .GT. 0.) GO TO 60
CONTROLLER IS ON AUTO
CALL GETPUT (IGET,ISEN,3,VNEW)
IF (VNEW .GT. LOWSET .AND. VNEW .GT. HISET) VALUE= HIVAL
IF(VNEV¥ .LT. LOWSET .AND. VNEW .LT. HISET) VALUE= LOVAL
40 CALL GETPUT(IPUT,IMAN,3,VALUE)
IF (ISH.GT.0)
& WRITE (6,50) ISEN, IMAN, LOWSET, LOVAL, HIVAL, AMODE,
5 VNEW, VALUF
S0 PORMAT (* IN BINARY ', (8G15.5,/1X))
PAR (NPAR+4)= VALUE
RETURN
CONTEOLLER IS OF MANUAL
60 VALUE= AMODE
GO TO 40
END

CNOOWNE W -
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SUBROUTINE RATIO

THIS SUBROUTINE SIMULATE A RATIO CONTROLLFR

!
FRCM SENSOCR |}  RATIO

* % & ¥ * * >| CONTRCLLER
|

TO MANIPULATOR
* & ¥k ¥ % % % ¥ >

PARAMETER QUANTITY
1 SENSOR UNIT NUMBER
2 MANIPULATOR UNIT NUMBER
3 RATIO
4 OPERATICN MODE (NEGATIVE= AUTOMATIC
PCSITIVE= OUTPUT VALUE POR MANUAL)
REAL H
COMNMON STREAM(4,100), ICONFG(8,100), PAR(500), NPAR,
& NCALL, IUNIT, NFATFR, NS, NEQ, DESC(5)

COMMCN /LCCK/ ISW
DATA IPUT, IGE1/'P', 'G'/
IF(NCALL) 10, 20, 30
10 RETUEN
20 CONTINUE
30 CONTINOUE
ISEN= PAR(NPAR)
INAN= PAR (NPAR+1)
CALL GETPUT (IGET,ISEN,3,C)
R= PAR(NPAR+2)
ANODE= PAR (NPAR+3)
1F (AMODE .GT. 0) GO TO 60
N= R*C
1F (IS¥ .GT. 0)
& WRITE(6,40) ISEN, IMAN, R, C, AMODE, M
40 PORMAT(' IN RATIO *, (8G15.5,/1X))
50 CALL GETPUT (IPUT,IMAN,3,H)
RETURN

60 N= AMODE
GOT050
END
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SUBROUTINE PID

THIS SUBROUTINE SIMULATES A PID CONTHOLLER
OSING THE VELOCITY ALGORITHM

FROM SENSOR TO MANIPULATOR
¥ * ¥ % % % X

ttt##tt){ P-I-~D l|* >
| l
| l
PARAMETER QUANTITY
1 UNIT BUMBER OF THE SENSOR (NEGATIVE)
2 UNIT NUMBER OF THE MANIPULATOR (NEGATIVE)
3 SETPOINT
4 GAIN
5 RESFT TINE
6 DERIVATIVE TINE
7 MODE OF OPERATION (NEGATIVE= AUTOMATIC,
EOSITIVE= OUTPUT VALUE FOR MANUAL)
REAL KC, N
COMMON STREAM (4,100), ICONFG (8,100), PAR(500), NPAR,
£ NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)

CONMON /CTIME/ TIME, FTIME, DT
COMMON /PIDSAV/ EINM1, EIN2
COMMON /LOOK/  ISW
DATA IGET, IPUT/'G*, *P'/
THIS ROUTINE USES THE VELOCITY ALGOBITHM
ISEN= PAR (NPAR)
IMAN= PAR(NPAR+1)
IF (RCALL) 10,20,40
10 RETURN
CHECK TO SEE IF ACCESSING SENSORS AND MANIPULATORS
20 EBIM1= 0.
EIN2= 0.
IF(IMAN .LT. O .AND. ISEN .LT. 0) GO TO 40
WRITE (6,30) IMAN, ISEN
30 FORMAT(* IN PID...IMPROPERLY SPECIFIED SENSOR OR ',
& ' MANIPULATOR®/® MANIPULATOR IS®',IS,' SENSOR IS',I5)
NFATER= NFATER + 1

RETURN
40 R= PAR(NPAR¢2)
CALL GETPUT (IGPT, ISEN,3,C)
EI= R - C

KC= PAR(NPAR+3)
TI= PAR(NPAR+U)
TD= PAR (NPAR+5)
AMODE= PAR (NPAR +6)
1F (AMGDE .GT. 0.) GO TO 60
CONTROLLER IS ON AUTO
DE= (EI - EIM1)/D1T
DE2= (EI - 2.*FIM1 + EIM2)/(DT*DT)

17
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T CM= KC* (DE + EI/TI + TD#DE2)
CALL GETPUT(IGET,IMAN,3,N)
1€ IF(ISW .GT. 0)
L & WRITE(6,50) ISEN, IMAN, R, C, EI, EIM1, EIN2, KC,
e & TI, TD, AMODE, DE, DE2, DM, M
R 50 FORMAT(® IN PID ', (8G15.5,/1X))
N M= M + CM#DT
v CALL GETPUT (IPUT,IMAN, 3, M)
: EIM2= EIM1
2o EIM1= EI
i RETURN
3y C CONTROLLER IS ON MANUAL
34 60 = AMODE
N CALL GETPUT (IPUT,IMAN,3,M)
\ RETURN
. END

I
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e SUBROUTINE GETPUT (ICODE,ITENO,J,VALUE)

: C
1, C THIS SUBROUTINE PEOVIDES THE INTERFACE BETWEEN THE
s C SENSORS AND CONTROLLERS AND THE PROCESS UNITS AND STREAMS
N C 1P ICODE= *P' THEN "VALUE" IS ASSIGNED TO THE PARAMETER
s C OR ELEMENT SPECIFIED BY “ITEMO™ ANL ®J"
L C IF ICODE= *G' THEN "VALUE™ IS SET EQUAL TO THE VALUF

, C OF THE SPECIFIED PARAMETER OR ELEMENT

N C ITEMO= UNIT NUMBER IFP NEGATIVE
2 C = STREAM NUMBER IF POSITIVE

31 C J= UNIT PARAMETER OR STREAM ELENENT NUMBER

3 o

= COMMON STREAM (100,4), ICCNFG (100,8), PAR(500), NPAR,
\ & NCALL, IUNIT, NFATER, NS, NEQ, DESC(5)

i COMMCN /LGOK/ 1ISK

0 DATA IPUT/'P'/

<7 DATA IGEI/'G'/

! ITEM= ITENOC
b C CHECK ON VALIDITY OF ICODE

' IF (ICODE .EQ. IGET .OB. ICODE .EQ. IPOT) GO TO 20

= WRITE(6,10) ICODE
o0 10 FORMAT (* IN ROUTINE GETPUT...INVALID CODE.',/' ICODE',
oo & ' IN I PORMAT IS *,I10,' ICODE IR A FORMAT IS ',A1)
ot NFATER= NPATER + 1
o BETUEN
{ 20 1F(ITEM .GT. 0) GO TO 60

A C HAVE A PIECE OF EQUIPKENT

N ITEN= -ITEN
W C FIND POSITION "K" OF UNIT IN CONFIGURATION

- C (POSITION IS NOT NECESSARILY EQUAL TO THE UNIT NUMBER)
(0N DO 30 K=1,KEQ
IF (ICONPG(K,1) .EQ. ITEM) GO TO 50

~ 30 CONTINUE

’ WRITE(6,40) ITEN

o) 40 PORNAT(* IN ROUTINE GETPUT...UNABLE TO FIND UNIT®

ﬂ &£,' NUNBER',15,/' SEITING ERROR CODE?')

w NFATER= NPATER + 1
v RETUEN
3 C HAVE POUND CORRECT PIECE OF EQUIPMENT
.. 50 N= ICONPG (K,8)
o C N= LOCATICN OF PIBST PABAMETER FOR THIS UNIT IN ®PAR™
o IF (ICODE .EQ. IPUT) PAR (N+J-1)= VALUE
e IF (ICODE .BQ. IGET) VALUE= PAR (N+J-1)
T RETUEN

7, C WE HAVE A STREAM
b 60 IF(ICODE .EQ. IGET) VALUE= STREAM(ITEN,J)

3 IP(ICODE .BQ. IPUT) STREAM(ITEM,J)= VALUE
Pt GC TO 50
i) END

N
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